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WHO World Health Organization

VE Vaccine Effectiveness
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Call To Order, Welcome, Overview / Announcements, & Introductions

José Romero, MD, FAAP
ACIP Chair

Amanda Cohn, MD
Executive Secretary, ACIP / CDC

Dr. Romero called to order the February 2020 Advisory Committee on Immunization Practices
(ACIP) and welcomed those present.

Dr. Cohn welcomed everyone to the February 2020 ACIP meeting. She indicated that the
proceedings of this meeting would be accessible to people not in attendance via the World Wide
Web, and welcomed those who could not attend the meeting in person. She pointed out that
multiple Centers for Disease Prevention and Control (CDC) staff were present at the entrance to
the room and at the desk in the lobby to assist members of the public with questions.

She noted that handouts of the presentations were distributed to the voting ACIP members and
were made available for members of the public on the tables outside of the auditorium.
Additionally, slides were made available through a ShareFile link for liaison and ex-officio
members. Slides presented during this meeting will be posted on the ACIP website
approximately 4 weeks after the meeting. The live webcast videos also will be posted in about 4
weeks following the meeting, and the meeting minutes are posted to the ACIP website generally
within about 120 days following the meeting. Minutes from the October 2019 meeting were
scheduled to be posted shortly.

To ensure the health and safety of all individuals attending this meeting, Dr. Cohn reviewed a
few safety regulations. She explained that in the event of an emergency resulting in an
evacuation, the procedures would be as follows:

U Those sitting in the back of the room behind the ropes were instructed to exit out the rear
doors and across the bridge the way they came in.

U Those sitting in the front of room were instructed to exit through the rear of the room, turn
left, then proceed right down the stairs.

U Everyone should locate the blue building marker sign labeled “Conference and Meeting
Space—GCC, 2nd floor” and group together to ensure all attendees are accounted for.

U Once the premises have been secured and an “all clear” has been issued, participants
would be permitted to re-enter the building and the meeting would resume.

The next ACIP meeting will be convened at CDC on Wednesday and Thursday, June 24-25,

2020. Registration for all meeting attendees is required and will open on the ACIP website when
the Federal Register notice is published. Registration is not required for webcast viewing.

12
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Dr. Cohn made the following announcements with regard to liaison organizations, member
substitutions, and guest attendees for this meeting:

Liaison Organizations

U The International Society for Travel Medicine (ISTM) joins ACIP as a new liaison member.
The ISTM Liaison Representative is Dr. Elizabeth Barnett, Professor of Pediatrics, Boston
University School of Medicine.

O This will be the last meeting for Dr. David Weber, Liaison Representative for the Society for
Healthcare Epidemiology of America (SHEA). Dr. Weber has served in this role for many
years, and ACIP is very appreciative of his support throughout that time.

U This also will be the last meeting for Dr. Susan Even, the Liaison Representative for the
American College Health Association (ACHA). She too has served in this role for many
years, and ACIP is very grateful for her support throughout that time.

Ex Officio Representatives
Q Kara M Elam, PhD, MPH, MS represents the Office of Infectious Disease Policy (OIDP).
O Barbara Mulach, PhD represents the National Institutes of Health (NIH).

Guest Attendees

O During the two days prior to this ACIP meeting, CDC was honored to host the Global
National Immunization Technical Advisory Group (NITAG) Network meeting. ACIP is the
NITAG for the United States (US). Representatives attended from over 50 countries to
discuss how to build NITAGs across the world, and also were in attendance during this
ACIP meeting.

U Students from The Walker School also attend ACIP each year, and were watching the ACIP
meeting from a distance learning center within CDC.

O Students from the University of Alabama School of Public Health attended the second day of
the ACIP meeting.

O In attendance representing the World Health Organization (WHO) Strategic Advisory Group
of Experts on Immunization (SAGE) were Dr. Alejandro Cravioto, current SAGE Chair, and
Dr. John Abrams, former ACIP Chair and former SAGE Chair.

Dr. Cohn emphasized that ACIP is, at its heart, a public body. Engagement with the public and
transparency in ACIP’s processes is vital to the Committee’s work. As part of ACIP’s
commitment to continuous improvement, ACIP has strengthened its oral and written public
comment process to accommodate increased public interest in ACIP’s work, maximize
opportunities for comment, and make public comment more transparent and efficient. She
announced that for this meeting, one oral public comment period would be held during the first
afternoon at approximately 1:15 PM, after lunch, prior to the one anticipated vote of the day on
Ebola vaccines.

To create a fair and efficient process for requesting to make an oral comment, people interested
in making an oral comment were asked to submit a request online in advance of the meeting.
Priority is given to these advance requests, and if more people request to speak than can be
accommodated, a blind lottery is conducted to determine who will be the speakers. Speakers
selected in the lottery for this meeting were notified in advance of the meeting. Dr. Cohn
requested that the public comment speakers identified for this meeting sign in at the information
table outside the main auditorium to confirm their presence. Written public comments may be
made via regulations.gov using the docket number ID CDC-2020-0002. Information on the
written public comment process, including information about how to make a public comment,
can be found on the ACIP website. Regulations.gov closes approximately 24 hours following the
13
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end of the ACIP meeting. Dr. Cohn pointed out that public comments could be made during and
after the meeting as well.

As noted in the ACIP Policies and Procedures manual, members of the ACIP agree to forgo
participation in certain activities related to vaccines during their tenure on the committee. For
certain other interests that potentially enhance a member’s expertise while serving on the
committee, CDC has issued limited conflict of interest (COIl) waivers. Members who conduct
vaccine clinical trials or serve on data safety monitoring boards (DSMBs) may present to the
committee on matters related to these vaccines, but are prohibited from participating in
committee votes on issues related to those vaccines. Regarding other vaccines of the
concerned company, a member may participate in discussions with the provision that he/she
abstains on all votes related to the vaccines of that company. At the beginning of each meeting
and prior to each vote, ACIP members will state any COls.

Dr. Cohn indicated that detailed instructions for submission of names of potential candidates to
serve as ACIP members is now available on the ACIP website. Applications for ACIP
membership are due no later than July 1, 2020 for the 4-year term beginning July 1, 2021. She
invited everyone to encourage those they know to submit nominations for ACIP membership,
and emphasized that they always appreciate both the number of applicants and the
extraordinary level of expertise in the applicant pool.

Dr. Romero conducted a roll call to determine whether any ACIP members had COls. No
members declared any COls. He then requested that the Liaison and Ex Officio members
introduce themselves. A list of Members, Ex Officio Members, and Liaison Representatives is
included in the appendixes at the end of the full minutes from the February 2020 ACIP meeting.

Ebola Vaccine

Introduction

Sharon Frey, MD
Chair, Ebola Vaccine Work Group
Saint Louis University Medical School

Dr. Frey reminded everyone that she introduced the new Ebola Vaccine WG during the October
2019 meeting and that the Ebola Vaccine WG'’s terms of reference are to: 1) review the
available data on the rVSVAG-ZEBOV-GP vaccine, which is a recombinant vesicular stomatitis
virus (VSV) with a substituted envelope glycoprotein of the Zaire ebolavirus Kikwit 1995 strain,
and inform domestic vaccine policy options for ACIP consideration; and 2) inform
recommendations for use of the rVSVAG-ZEBOV-GP vaccine in pre-exposure vaccination of
healthy adults = 18 years of age at occupational risk for exposure to Ebola virus (species Zaire
ebolavirus). There have been several key events since October 2019.

The rVSVAG-ZEBOV-GP vaccine (ERVEBO®, Merck) was granted EU-wide conditional
marketing authorization in November 2019. This vaccine is indicated for immunization of
individuals 18 years of age and older to protect against Ebola virus disease (EVD) caused by
Ebola virus species Zaire ebolavirus. The US Food and Drug Administration (FDA) approved
rVSVAG-ZEBOV-GP vaccine (ERVEBO®, Merck) for individuals 18 years of age or older for the

14
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prevention of EVD on December 19, 2019. On February 12, 2020, the World Health
Organization (WHO) Emergency Committee unanimously agreed that the ongoing EVD
outbreak in the Eastern Democratic Republic of Congo (DRC) still constitutes a Public Health
Emergency of International Concern (PHEIC).

In terms of the WG’s activities and discussions since October 2019, the WG identified 3 US
populations at highest risk for potential occupational exposure to Ebola virus for whom potential
policy options are most urgent, including the following:

O Individuals responding to an outbreak of EVD due to Ebola virus

O Individuals who work as laboratorians and support staff at Biosafety Level-4 (BSL-4)
facilities that handle replication competent Ebola virus

O Healthcare personnel (HCP) at federally-designated Ebola Treatment Centers (ETCS)
involved in the care and transport of confirmed EVD patients

Additional US populations with potential risk for occupational exposure include:

O Healthcare Personnel (HCP) at state or jurisdictionally-designated Ebola Treatment
Centers

O HCP at Ebola Assessment Hospitals

O HCP atfrontline facilities

It is important to note that HPC includes many people of various job descriptions. The formal
definition utilized by the WG is adapted from the ACIP-approved definitions in the CDC Infection
Control in Healthcare Personnel guidelines and is as follows:

Healthcare personnel (HCP) refers to all paid and unpaid persons serving in healthcare
settings who have the potential for direct or indirect exposure to patients or infectious
materials, including body substances (e.g., blood, tissue, and specific body fluids);
contaminated medical supplies, devices, and equipment; contaminated environmental
surfaces; or contaminated air. These HCP include, but are not limited to, emergency
medical service personnel, nurses, nursing assistants, physicians, technicians, clinical
laboratory personnel, autopsy personnel, therapists, phlebotomists, pharmacists,
students and trainees, contractual staff not employed by the healthcare facility, and
persons not directly involved in patient care, but who could be exposed to infectious
agents that can be transmitted in the healthcare setting (e.g., clerical, dietary,
environmental services, laundry, security, engineering and facilities management,
administrative, billing, and volunteer personnel).

Since October 2019, the WG has continued discussions on recommendations for additional
populations at potential occupational risk. They developed a protocol for systematic review of
vaccine data and selected critical outcomes to be considered. A systematic review was
conducted of the vaccine literature for a GRADE (Grading of Recommendation Assessment,
Development and Evaluation) analysis and for evidence to recommend (EtR). The WG has
engaged in multiple discussions on proposed policy options.

This session included presentations focused on a review of Ebola virus disease and rVSVAG-

ZEBOV-GP vaccine, GRADE, EtR, and a summary of WG considerations and proposed policy
options.
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Ebola Virus Disease

Mary Choi, MD, MPH

Medical Epidemiologist

Viral Special Pathogens Branch

Centers for Disease Control and Prevention

Dr. Choi reviewed background material to set the stage for the subsequent sessions, including
background on EVD, rVSVAG-ZEBOV-GP vaccine, and the parameters for WG discussions
over the past several months.

In terms of background, EVD in humans is a deadly disease caused by infection with one of 4
viruses within the genus Ebolavirus and family Filoviridae and are listed here:

U Ebola virus (species Zaire ebolavirus)

O Sudan virus (species Sudan ebolavirus)

O Tai Forest virus (species Tai Forest ebolavirus)

O Bundibugyo virus (species Bundibugyo ebolavirus)

The remainder of this session focused on the Ebola virus species Zaire ebolavirus. This virus is
responsible for the majority of reported EVD outbreaks, including the 2 largest outbreaks in
history. The 2014-2016 West Africa outbreak resulted in a little over 28,000 cases and 11,000
deaths. The current Eastern DRC outbreak has infected over 31,000 persons and resulted in
over 12,000 deaths in total. Untreated, mortality rates can be as high as 70% to 90%. Currently,
there is no FDA-approved treatment.

The animal reservoir for Ebola virus is unknown. However, based on studies in similar viruses,
the reservoir is believed to be fruit bats. A study was conducted in the early 2000s by Leroy and
colleagues in which the investigators trapped bats, birds, and rodents in Gabon and the DRC in
and around areas where there were known Ebola outbreaks in humans and/or animals. They
were able to identify three species of bats in which Ebola virus was detected by both serology
and polymerase chain reaction (PCR): Hypsignathus monstrosus, Epomops franqueti, and
Myonycteris torquata. It is important to note that none of these species exist in the US [E M
Leroy et al., Fruit bats as reservoirs of Ebola virus Nature 438, 575-576 (December 2005)].

The signs and symptoms of EVD include: Abdominal Pain, Bleeding (epistaxis, injection sites),
Diarrhea, Fatigue, Fever, Headache, Muscle Pain/Joint Pain, Rash, and/or Vomiting. Although
bleeding can be seen in EVD, it is not universally present and is seen in about 40% of cases.
When bleeding is observed, it usually is a late sign and pre-terminal. The signs and symptoms
are non-specific and can be seen in many other diseases that are endemic in Africa. In an
infected person, Ebola virus can be found in all body fluids, including: Amniotic Fluid, Blood,
Breast Milk, Feces/Vomit, Saliva, Semen, Sweat, Tears, Urine, and Vaginal Secretions. Person-
to-person transmission occurs through contact with broken or non-intact skin, and/or mucous
membranes with the body fluids of a person that is sick or has died of EVD.

Those who survive the acute illness often suffer some sequelae. The true incidence of sequelae
amongst EVD survivors is unknown primarily because these outbreaks occur in countries where
there is limited access to healthcare or specialized services. Some studies have been
conducted, particularly following West Africa. The most commonly reported symptoms were
found to be arthralgia, uveitis, myalgia, abdominal pain, and fatigue®2. The uveitis can be quite
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severe and lead to cataract formation and blindness. Following West Africa, a study was
conducted that found that within one year of discharge, Ebola survivors had 5-fold greater
mortality than the general population®. Looking into this further using verbal autopsy, renal
disease was seen that may have been precipitated by the acute infection. It is also known that
Ebola virus can persist in immune-privileged sites such as the testes, eyes, brain, and placenta.
In some, this has resulted in continued disease transmission and disease recrudescence. For
example, there was a man in Guinea who was 15 months recovered from his illness who then
transmitted the virus sexually to his partners. This sparked a new cluster of disease that actually
affected individuals in Guinea and Liberia. The incidence of disease recrudescence that has
been described in the literature. A British nurse who was infected while working in Sierra Leone,
fell ill while in the United Kingdom (UK), was treated successfully, and returned to the hospital
about 9 months after her recovery with meningeal encephalitis, and Ebola virus was detected in
the nurse’s cerebrospinal fluid (CSF) and eventually the blood as well ['\Rowe et al. Clinical,
virologic, and immunologic follow-up of convalescent Ebola hemorrhagic fever patients and their
household contacts, Kikwit, Democratic Republic of Congo; ?Prevail Il Study Group. A
longitudinal study of Ebola sequelae in Liberia; 3Keita et al. Subsequent mortality in survivors of
Ebola virus disease in Guinea: a nationwide retrospective cohort study Lancet Infect Dis. 2019].

On August 1, 2018, an EVD outbreak was declared in Eastern DRC. When the virus responsible
for the outbreak was sequenced, it was found to be Ebola virus (species Zaire ebolavirus). The
current outbreak is the 10" outbreak in the DRC and is the largest outbreak to have occurred
there. In July 2019, the outbreak was declared a PHEIC because of cross-border travel-related
cases that were detected in Uganda and cases detected in Goma, a very large city in the DRC.
The PHEIC declaration was reaffirmed in February 2020. As of February 18, 2020, cases had
been reported in 29 health zones and 3 provinces in the DRC. Case counts were at a little over
3000 cases and 2000 deaths.

In terms of how the current outbreak compares to other DRC outbreaks in the area from 1976-
2019, the current DRC outbreak has been by far the largest and has lasted the longest. With the
West Africa outbreak, particularly in Sierra Leone and Liberia, there was a period of time during
which there was a very rapid increase in the number of cases in which the epidemic curve is
almost a straight line. The current outbreak in the DRC has not followed that pattern and seems
somewhat more gradual:

Cumulative Case Counts, Selected EVD Outbreaks 1976-2019
= B
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Epidemic Curve, 2014-2016 West Africa Outbreak and Current
DRC Outbreak

There have been 11 individuals treated for EVD due to Ebola virus in the US. All 11 individuals
were associated with the 2014-2016 EVD outbreak in West Africa. Of these, 9 were infected in
West Africa and 2 (18%) died. There was one imported case of EVD that resulted in secondary
transmission in 2014 in Dallas, Texas. In addition to these 11 EVD patients, additional
individuals have been repatriated to the US following high-risk exposures to Ebola virus, but
none of these individuals tested positive. This repatriation occurred during the 2014-2016 West
Africa outbreak and the current DRC outbreak.

There is a live-attenuated vaccine recombinant (rVSV)-based Ebola virus vaccine (rVSVAG-
ZEBOV-GP). It is important to note that the vaccine cannot cause Ebola virus infection. This
vaccine initially was developed by Public Health Agency Canada (PHAC) and NewLink
Genetics. Merck currently holds the intellectual rights. The vaccine protects only against Ebola
virus (species Zaire ebolavirus). In December 2019, the FDA licensed the vaccine for individuals
18 years of age or older for the prevention of EVD.

In terms of the vaccine construct, the glycoprotein (GP) was removed from the VSV and was
replaced with the GP of the Zaire ebolavirus (Kikwit). The vaccine contains this recombinant
virus. Once a person receives the vaccine, the virus will replicate and the person with develop
antibodies toward the GP. The vaccine is administered as a one-time 1.0 mL dose by the
intramuscular (IM) route. There are specific storage requirements for this vaccine. It must be
stored between -80°C and -60°C. Once thawed, it can be stored at 2°C to 8°C for up to 2 weeks.

Animal studies were conducted on this vaccine to assess effectiveness in preventing Ebola
virus. Cynomolgus macaques were vaccinated with various doses of the vaccine and then
challenged with live virus 42 days later and examined survival. At 2x10” and up, protection
100%. At 3x10°, protection was 88%. Following the animal studies, multiple clinical studies were
conducted throughout the world in the US, Canada, Africa, and Europe.

In regard to safety, there is generally a mild to moderate transient reactogenicity is commonly
reported within 24-48 hours of vaccination that typically resolves within 7 days. Some of the
common signs and symptoms during this period include injection site pain, swelling, erythema,
fever/subjective fever, muscle aches, malaise, and headache. Arthralgia and arthritis reported in
some vaccinees. Vaccine-related serious adverse events (SAES) are rare.
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The rVSV has been detected in bodily fluids. Virus dissemination and replication can occur and
persist for up to 2-3 weeks after vaccination. It has been detected in blood, which is expected
because it is a live virus that replicates. It has been detected by PCR in blood as long as 14
days after vaccination. It also has been detected in urine for up to 7 days, saliva up to 14 days,
synovial fluid up to 17 days, and skin vesicles up to 17 days post-vaccination.

With regard to immunogenicity, there is no known immune correlate for protection. A measure of
the immune response that confers protection against EVD is unknown. It is thought that the
protective effect of the vaccine conferred by vaccination is a combination of both innate and
adaptive immune response activation. As measured by enzyme-linked immunosorbent assay
(ELISA), the GP-specific IgG antibodies begin to rise at around Day 14 and can persist through
24 months post-vaccination.

This vaccine has been used in the outbreak setting in the Ca Suffit trial. The results of this trial
were reported in 2 parts. It was a Phase 3, cluster-randomized, open-label ring vaccination trial.
The trial took place in Guinea at a time when the 2014-2016 West Africa EVD outbreak was
waning. A ring vaccination strategy was used to administer the vaccine, in part to generate
robust data on vaccine efficacy (VE) in the setting of a waning outbreak. In this study, a cluster
was defined around a confirmed case of EVD. The primary outcome was incidence of EVD with
onset 10 days or more after randomization. This 10-day period was to account for the incubation
period of EVD and the unknown time for the vaccine to develop protective immunity.

In terms of the interim results, clusters were randomized to immediate vaccination or delayed
vaccination at 21 days after randomization. In this study, VE was found to be 100% (95%ClI:
74.7-100, p=0.0036). Basically, the investigators identified the index case (confirmed case) and
then defined contacts and contacts of contacts. This became the clusters, which were then
randomized to immediate or delayed vaccination. In July 2015, randomization was discontinued
at the recommendation of the Data and Safety Monitoring Board due to the interim findings of
100% VE. All subsequent clusters were offered immediate vaccination. The final results were
reported on VE for randomized and non-randomized clusters, and again VE was reported to be
100% (95%CI: 68.9-100, p=0.0045) [Courtesy of Merck].

In the DRC, ring vaccination was started 1 week after the outbreak was declared and has
evolved over time. The vaccine has now been administered to over 200,000 people using this
strategy. The vaccine appears to be effective and SAEs have been rare. This graphic depicts
the ring vaccination strategy being used in DRC:
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In terms of the parameters of the WG discussions over the last several months, consideration
was given to the fact that the suspected virus reservoir does not exist in the US, most of the
inviduals (9/11) treated for EVD in the US were responding to a foreign EVD outbreak, there is
an ongoing EVD outbreak in Eastern DRC that is considered a PHEIC, and there is no EVD
outbreak in the US. As such, the WG’s deliberations focused on pre-exposure vaccination in US
populations at immediate occupational risk.

As mentioned earlier, 3 US populations were identified as being at highest risk for potential
occupational exposure to Ebola virus (species Zaire ebolavirus) for whom potential policy
options are most urgent: 1) individuals responding to an outbreak of EVD due to Ebola virus; 2)
individuals who work as laboratorians and support staff at Biosafety Level-4 (BSL-4) facilities
that handle replication competent Ebola virus; and 3) HCP at a federally-designated ETCs
involved in the care and transport of confirmed EVD patients. Additional US populations with
potential risk for occupational exposure include: 1) HCP at state or jurisdictionally-designated
ETCs; 2 ) HCP at Ebola Assessment Hospitals; and 3) HCP at frontline facilities. Discussions
and recommendations of these groups are still ongoing.

Looking at the 3 additional populations more in-depth, the number of individual organizations
responding to an outbreak will vary by size and location of the outbreak. There were over 4000
US government (USG) deployers to the 2014-2016 West Africa EVD outbreak, including the
domestic EVD cases. US responders to the current eastern DRC outbreak include over 200
non-governmental organization (NGO) personnel and over 300 governmental personnel form
CDC, NIH, and the United States Agency for International Development (USAID).

There are 10 BSL-4 laboratories in the US, with an estimated 350 to 400 laboratory and support
staff, of which 8 currently handle replication-component Ebola virus. There are 11 federally-
designated Ebola Treatment Centers in the US that are specialized high-level isolation units
equipped with infrastructure, laboratory capabilities, staff to care for patients with highly
hazardous communicable diseases. These include the regional Special Pathogen Centers and
NIH. These facilities are estimated to have approximately 500 HCP and support staff.

Discussion Points

Dr. Bernstein wondered about the clinical significance of the live attenuated vaccine not being
able to cause disease, but being detected in certain bodily fluids up to 2 to 3 weeks.

Dr. Choi responded that the viremia is expected and most people clear it within a week or so.
One study did find it as far as 14 days post-vaccination. It has been detected as shedding in
saliva and urine, but no attempts were made to isolate it. When something is detected by PCR,
it just means that it was possible to detect the nucleic acids and does not necessarily mean live
virus. Some individuals developed a vesicular rash after vaccination, from which virus was
isolated. There certainly is a concern about what that translates to in terms of transmission
potential, particularly with rash that is shedding. This was one of the outcomes of interest in the
GRADE analysis. After people are vaccinated in the Pre-Exposure Prophylaxis in Individuals at
Potential Occupational Risk for Ebola Virus Exposure (PREPARE) clinical trial that is offering
vaccination, precautions are given in terms of contact and what to do if a vesicular rash
develops.

Dr. Hunter requested confirmation that Dr. Choi was talking about transmission of viral
stomatitis, not of Ebola. He wondered what the worst clinical sequalae would be assuming that
the viral strain would cause viral stomatitis if it were to transmit.
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Dr. Choi clarified that it would be recombinant vaccine virus, not Ebola. VSV is found primarily in
livestock. In situations where there have been outbreaks of VSV in livestock, there has been
transmission into humans who handle livestock. There also has been transmission to humans
because this virus backbone is a very popular one for other vaccines as well. There have been
transmissions to laboratory personnel by accidental exposures. In humans, infection with VSV
can be asymptomatic. If it becomes symptomatic, oftentimes it results in an influenza-like
illness. The vesicular type of rash and oral ulcer has been observed in humans. Typically,
arthritis and arthralgia have been seen with this virus but has not been seen in humans with
VSV. In animals, it causes vesicular lesions in the oral mucosa and utters. Arthritis or arthralgia
have not been seen in that population.

Regarding the definition of HCP and not specific to Ebola, Dr. Lee noticed that physician
assistants (PA) and nurse practitioners (NP) were not included in the updated definition. She
also noted that based on Slide 27 of Dr. Choi’s presentation, it appeared that the ring
vaccination strategy was now evolving in the DRC. She wondered if one way to think about the
categories of people who might be at highest risk in terms of pre-exposure prophylaxis (PrEP)
as that ring strategy continues to evolve would be more generalized to Ring 1 as the focus
because additional subgroups might be identified who could benefit from vaccination.

Dr. Choi said she thought they probably try to make a distinction between what CDC is trying to
make recommendations for and what is occurring in the DRC. CDC is trying to make
recommendations for PrEP for people who have not been exposed in an attempt to protect them
from a future exposure. In the DRC, this is different. Some pre-exposure vaccination is being
done among HCP and frontline workers. For the most part, ring vaccination is done post-
exposure. The ring is defined around a confirmed case where an outbreak occurring. Given that
there is no outbreak or reservoir in the US, if there is an infection of EVD it is known to have
come from either a foreign outbreak that was imported to the US or a BSL-4 laboratorian who
was exposed while working with Ebola. They talk about the Ca Suffit trial and included it in the
GRADE analysis because it showed efficacy, but many other clinical studies were conducted on
this vaccine that attempted to show efficacy. By the time the studies were done, the outbreak
was over and there were no other cases. While the Ca Suffit trial showed efficacy, it was in the
setting of an outbreak and a post-exposure type of picture.

Dr. Lee clarified that she understood the difference between the pre- and post-exposure, but
thought the group ACIP was interested in would be those with high-risk contacts with patients or
their body fluids. She just wanted to harmonize the way they were thinking about the three
groups to ensure that they are not exclusive of other people who potentially might be exposed.

Dr. Frey expressed appreciation for Dr. Lee’s comments and emphasized that the WG would be
assessing the groups in more detail moving forward. There is a PREPARE trial in which those
working on the frontlines or are going to be deployed out can participate.

Thinking about the untreated mortality rate of 70% to 90% and the deaths of 2 of 11 subjects in
the US, Dr. Bernstein inquired as to whether efforts for support have made a difference in
Africa.

Dr. Choi indicated that mortality is 79% with no supportive treatment in Africa. With early
supportive treatment alone, mortality is reduced to as low as 40%. In the current outbreak, the
Pamoja Tulinde Maisha (PALM) trial was conducted in which experimental therapies were
tested. These included ZMapp and remdesivir used in West Africa and 2 new monoclonal
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antibodies, MAb114 and REGN-EB3. In this randomized clinical control trial (RCT), the control
was ZMapp. This study found that there was a reduction in mortality in particular with the 2
monoclonal antibodies. The therapeutics are continuing to be given in-country, but this is limited
to the 2 monoclonal antibodies.

GRADE: rVSVAG-ZEBOV-GP Ebola Vaccine

Caitlin Cossaboom, DVM, PhD, MPH

LT US Public Health Service

Viral Special Pathogens Branch

Division of High-Consequence Pathogens and Pathology

Dr. Cossaboom presented the GRADE analysis of the newly licensed Ebola vaccine, which she
referred to as rVSV moving forward in the presentation. The policy question for consideration is,
“Should pre-exposure vaccination with the rvVSV Ebola vaccine be recommended for healthy,
non-pregnant, non-lactating adults 18 years of age or older in the US population who are at
potential occupational risk to exposure to Ebola virus (species Zaire ebolavirus) for prevention
of Ebola virus infection?”

She then reviewed the population, intervention, comparison, and outcomes of interest (PICO)
determined by the ACIP Ebola Vaccine WG. The population of interest is healthy, non-pregnant,
non-lactating adults 18 years of age or older in the US population who are at risk of
occupational exposure to Ebola virus within the following three subgroups: 1) Individuals
responding to an outbreak of EVD due to Ebola virus; 2) healthcare personnel involved in the
care and transport of confirmed EVD patients at federally-designated ETCs in the US; and 3)
laboratorians and support staff working in BSL-4 laboratories that handle Ebola virus. The
intervention of interest is pre-exposure intramuscular immunization with a single licensed dose
of the rVSV Ebola vaccine, while the comparison was no vaccine. The outcomes the WG
considered critical and that were subjected to analysis were: development of Ebola-related
symptomatic iliness; Ebola-related mortality which was not analyzed as there was no available
data for this outcome; vaccine-related joint pain or swelling; vaccine-related adverse pregnancy
outcomes for women inadvertently vaccinated while pregnant and women who become
pregnant within 2 months of vaccination; transmissibility of rVSV vaccine virus surrogate
assessed with viral dissemination/shedding of the rVSV vaccine virus; and SAEs related to
vaccination. There were two additional outcomes that the WG considered important, but not
critical, that included the incidence and severity of oral or skin lesions and the interaction or
cross-reactivity with monoclonal antibody-based therapeutics or other VSV-backboned
vaccines. However, data for these outcomes have not been analyzed to-date and were not
included in this presentation.

Of the critical outcome measures that were included in the evidence profile for this presentation,
the following five outcomes were included for meta-analyses: the benefit outcome of
development of Ebola-related symptomatic iliness; and the safety outcomes of incidence and
severity of arthralgia, incidence of arthritis, and vaccine-related adverse pregnancy outcomes
for women inadvertently vaccinated while pregnant and women who become pregnant within 2
months of vaccination. The four remaining outcomes were included for descriptive analyses
only: detection of rVSV vaccine virus in blood or plasma (viremia); detection of rVSV vaccine
virus in saliva (viral shedding); detection of rVSV vaccine virus in urine (viral shedding); and
SAEs related to vaccination.
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On December 16, 2019, a literature search was executed in multiple biomedical and
interdisciplinary bibliographic databases using a broad and rigorous search strategy that
incorporated terms related to vaccination against Ebola virus using the rVSV Ebola vaccine,
without date or language restrictions. Results were compiled in an EndNote library and duplicate
records were removed. This search was updated on January 31, 2020 to screen recent records
that were not captured in the original search. An attempt also was made to obtain unpublished
or other relevant data not included in the search results from subject matter experts (SMEs) and
the manufacturer and received one additional record for inclusion in the analysis.

Records were included for analysis if they presented data on the rVSV Ebola vaccine and
involved immunocompetent adults 18 years of age or older regardless of pregnancy status,
included data for the intervention of interest and data relevant to the outcome measures being
assessed, and reported primary data from comparative or single-arm studies, RCTs,
prospective or retrospective cohort, case-control, or cross-sectional studies. In total, 1818
records were identified through the database searches and the one unpublished record
mentioned was identified through other sources. A total of 1742 of these records were excluded
during title and abstract screening, leaving 77 full-text articles that were assessed for eligibility
through full-text review. Of these, 59 full-text articles were excluded for these reasons: 41 were
not relevant to the outcomes, 8 used the wrong study design, 7 were abstracts later published in
full, 2 included the wrong intervention, and 1 had the wrong population. In total, 18 articles that
presented data from 11 studies were included in qualitative synthesis while 9 articles that
presented data from 8 studies were included in quantitative synthesis or meta-analysis. The
references for the articles utilized in the analyses are shown here, with those included in the
meta-analyses shown in black and those included in the descriptive analyses only shown in
blue:
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The GRADE approach for assessing the type or quality of evidence involves consideration of
several criteria. Assessing the type or certainty level of the body of evidence for each outcome
begins with the study design. RCTs are initially classified as Evidence Type 1 or high certainty
and observational studies as Evidence Type 3 or low certainty. Following the identification of the
initial evidence type, the body of evidence for each outcome is assessed and downgraded if
there is uncertainty about any of the five following criteria: risk of bias, inconsistency which
considers statistical heterogeneity and 12 or the variation across studies due to heterogeneity
greater than chance, indirectness or the generalizability of the body of evidence to the original
PICO components, imprecision which considers the fragility of the relative and absolute effect
measures as they relate to the 95% confidence intervals and optimal information size, and
publication bias. The body of evidence from observational studies may be rated up due to dose-
response gradient, large or very large magnitude of effect, or opposing residual confounding,
considered under “other considerations.” After assessing on the described criteria, the body of
evidence will be assigned an overall evidence type or certainty level as defined in the following
table:

Type 1 (high certainty): We are very confident that the true effect lies close to that of the
estimate of the effect.
Type 2 (moderate certainty): We are moderately confident in the effect estimate: The true effect

is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different.

Type 3 (low certainty): Our confidence in the effect estimate is limited: The true effect
may be substantially different from the estimate of the effect.

Type 4 (very low certainty): We have very little confidence in the effect estimate: The true
effect is likely to be substantially different from the estimate of
effect.

As a reminder, these are not a measure of how well the individual studies were conducted, but
rather how much confidence there is in the estimates of effect from the body of evidence across
each outcome. For the purposes of the evidence assessment, RCT refers to a trial which
randomizes participants to an active intervention or a placebo or unvaccinated comparator arm.
Observational studies refer to one-arm studies, studies for whom participants were not
randomized, or studies that did not provide disaggregated data to allow for the comparison
between the randomized arms. Evidence also was considered observational if only data from
the vaccinated study arms were included in analysis for a given outcome.

For Outcome 1 (development of Ebola-related symptomatic illness), there was one published
study with an unvaccinated comparator that was included for the body of evidence for this
outcome by Henao-Restrepo 2017. This is publication associated with the Ca Suffit Trial in
Guinea. This was a 2-part Phase 3 cluster-randomized open-label ring vaccination trial. The
initial study involved contacts and contacts of contacts of confirmed Ebola virus disease or EVD
cases that were randomized to either immediate or delayed vaccination. Delayed vaccination
was defined as vaccination that occurred 21 days after randomization. A follow-up study
included immediate vaccination following cessation of the randomized trial. The primary
outcome was the incidence of EVD with onset of 10 days or more following randomization. The
10 days accounts for the average incubation period of Ebola and unknown time for the vaccine
to induce protective immunity.
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Walking through the table that presents the body of evidence for the outcome of development of
Ebola related symptomatic illness from the one published study Henao-Restrepo 2017, Dr.
Cossaboom focused on the development of EVD 10 days or longer after randomization (or for
non-randomized participants, 10 days or longer after inclusion in the ring) because as explained
earlier, these 10 days account for the incubation period and unknown duration to immunity. Out
of 3775 participants within 70 clusters who received immediate vaccination between
randomized and non-randomized, O participants developed EVD 10 days or longer after
randomization. In contrast, of 4507 participants within 104 clusters who were delayed or never
received the vaccine, 23 participants within 11 clusters developed EVD 10 days or longer after
randomization. Focusing on only the participants within the randomized clusters, out of 2108
participants within 51 clusters who received immediate vaccination, 0 developed EVD greater
than 10 days after randomization. In contrast, of 3075 participants within 47 clusters who were
randomized to delayed vaccination, 16 participants within 7 clusters developed EVD greater
than 10 days after randomization. These randomized data equate to a calculated vaccine
efficacy of 100% (95% confidence interval 68.9 — 100).

Given that this was a cluster RCT in which the units of randomization were clusters, Dr.
Cossaboom presented randomized cluster-level data. Using the randomized cluster level data
presented on the previous slide (Slide 17) it equates to a risk ratio of 0.06. Because the
population in this study consists of contacts and contacts of contacts of EVD cases and used a
ring vaccination strategy that may include post-exposure vaccination, this was downgraded one
level for indirectness to the US population and the intervention of interest, which is pre-exposure
vaccination. For this cluster-level data, there were few events reported and the data do not meet
the optimal information size and suggest fragility of the estimate, and the confidence interval
crosses 1 and contains the potential for desirable as well as undesirable effects, so it was
downgraded one level for imprecision. To provide some context, there were few events of
confirmed Ebola reported even among the unvaccinated arm because this study was conducted
at a time when the 2014-2015 West Africa outbreak was waning in Guinea. Taking into account
this assessment, the overall assessment of this body of evidence at the randomized cluster
level to address the outcome of development of Ebola-related symptomatic iliness is Type 3 or
low certainty evidence.

From the same study, Dr. Cossaboom presented participant level data from the randomized
clusters that support there is a benefit of vaccination among those who are vaccinated, which
was considered observational because the units of randomization within the study were
clusters. Because a very precise decrease was seen in the non-randomized group, this was not
rated down for imprecision at the participant level. This was rated down one level for
indirectness for the same reason as the cluster-level data; however, the concerns with
indirectness do not pose an inflationary effect and, therefore, the evidence could be rated up
based on the very large magnitude of effect from the 96% relative risk reduction. Taken
together, overall certainty was upgraded two levels to Type 2 or moderate certainty evidence for
this participant level data.

Outcome 2 (incidence of arthralgia) was assessed with the incidence of arthralgia or joint pain
that was solicited within 0-42 days, with the results of a meta-analysis of 6 studies that solicited
arthralgia within 0-42 days presented in a forest plot. It is important to note that across these
studies, variable definitions for arthralgia were used, including joint pain with or without joint
swelling or effusion, and in some cases a definition was not provided. Additionally, length and
time of follow-up varied between studies. An analysis was conducted that stratified by duration
of follow-up and it did not have an impact on effect estimates for this analysis; however, there is
a concern that pooling these data may under-estimate incidence because of this variability in
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follow-up time. Additionally, the data presented are varying across doses or plague forming
units (PFUs) of vaccine. However, after conducting a separate analysis that stratified by dose,
there does not seem to be a dose-response or effect on this outcome. Taken together, the
calculated risk ratio from these 6 RCTs was 2.55. There were also two non-randomized studies
with non-vaccinated comparators that were analyzed separately with a calculated risk ratio of
1.63. Additionally, across 7 studies that did not have a comparison group, 1546 out of 8329
(16%) of vaccinated participants reported arthralgia.

Looking at the body of evidence for the 6 randomized trials, overall, among 1874 vaccinated
participants, 316 (16.9%) reported arthralgia compared with 42 out of 891 (4.7%) of non-
vaccinated participants. This equates to a relative risk of 2.55 and an absolute risk of 73 more
events of arthralgia out of 1000 people. This body of evidence was downgraded one level for a
concern for risk of bias because of lack of blinding in participants, healthcare personnel, and
outcome assessors in two studies that may have influenced events reported for this outcome.
Additionally, there is a concern for underreporting in one study that only solicited arthralgia at
one week and one month for the majority of participants, that may have led to underreporting of
events. Due to concerns with heterogeneity with an | squared of 70%, this was downgraded one
level for inconsistency. Because the 95% confidence interval crosses 1 and includes a potential
for possible harms as well as benefits, a downgrade was made one level for imprecision.
Overall, this body of evidence was assessed to be Type 4 very low certainty evidence.

Looking at the body of evidence for the two observational studies, overall, among 469
vaccinated participants, 75 (16.0%) reported arthralgia compared with 8 out of 99 (8.1%) of non-
vaccinated participants. This equates to a relative risk of 1.63 and an absolute risk of 51 more
events of arthralgia out of 1000 people. Because there were few events reported suggesting
fragility in the estimate, this was downgraded one level for imprecision. Overall, this body of
evidence was assessed to be Type 4 or very low certainty evidence.

Outcome 3 (severity of arthralgia) was assessed with the incidence of severe (Grade 3)
arthralgia solicited between 0-42 days and defined as significant joint pain or discomfort that
prevents daily activity. For background, arthralgia is described on a Grade 1 to 4 scale:

O Grade 1: Mild; No interference with activity

U Grade 2: Moderate; Some interference with activity

O Grade 3: Significant; prevents daily activity

U Grade 4: Potentially life-threatening Medical consultation and/or hospitalization

In terms of the results of a meta-analysis of 4 studies with that reported on incidence of severe
arthralgia within 0-42 days, it is important to note that similar to the previous outcome, across
these studies, variable definitions for arthralgia were used. Additionally, time of follow-up and
dose or PFU of vaccine used varied between studies. However, similar to the previous outcome,
these did not have an impact on effect estimates. Taken together, the calculated risk ratio from
these 4 RCTs was 6.4. There also were two non-randomized studies with non-vaccinated
comparators that were analyzed separately and reported no events of Grade 3 arthralgia among
469 vaccinated and 99 non-vaccinated participants. Additionally, across 5 studies that did not
have a comparison group, 7 out of 7209 (0.1%) of vaccinated participants reported Grade 3
arthralgia. There were no reports of Grade 4 arthralgia across the body of evidence.
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Walking through the evidence table for assessment of the body of evidence for Outcome 3,
looking at the body of evidence for the four randomized trials, overall, among 333 vaccinated
participants, 2 (0.6%) reported severe arthralgia compared with 0 out of 264 non-vaccinated
participants. This equates to a relative risk of 6.4 and an absolute risk of 0 more events of
severe arthralgia out of 1000 people. This body of evidence was downgraded one level for a
concern for risk of bias because of lack of blinding in participants, healthcare personnel, and
outcome assessors in two studies that may have influenced events reported for this outcome.
Because of a concern for fragility in the estimate due to the few number of events reported, this
was downgraded one level for imprecision. Overall, this body of evidence was assessed to be
Type 3 low certainty evidence. Looking at the body of evidence for the 2 observational studies,
overall, no events of Grade 3 arthralgia were reported among 469 vaccinated and 99 non-
vaccinated participants. Because there were no events reported among vaccinated and non-
vaccinated participants, it suggests fragility in the estimate, this was downgraded one level for
imprecision. Overall, this body of evidence was assessed to be Type 4 very low certainty
evidence.

Outcome 4 (incidence of arthritis) was assessed with an event of arthritis reported within 5-56
days of follow-up. Based on the forest plot presenting the results of a meta-analysis of 4 studies
that solicited arthritis within 5-56 days, it is important to note that each of these studies defined
and diagnosed arthritis with considerable variability as follows:

U0 Kennedy 2017: Concern for underreporting because low % of female enrolled
participants (37%); Kennedy only solicited at week 1 and at month 1

O Samai 2018: No capability of clinical diagnosis of arthritis, no rheumatology services
available in Sierra Leone

U El Sherif 2017: Did not provide definition for arthritis

U Huttner 2015: first to encounter arthritis, so thoroughly clinically investigated arthritis (all
participants with arthritis referred to rheumatologist, all but 2 participants with arthritis
had an u/s done); this study is not included in the RCT analysis because arthritis was
reported only in low dose participants and upon request de-aggregated data was
unavailable

Additionally, time of follow-up and dose or PFU of vaccine used varied between studies.
However, similar to the previous outcome, these did not have an impact on effect estimates.
Taken together, the calculated risk ratio from these 4 RCTs was 1.8. There also were 2 non-
randomized studies with non-vaccinated comparators that were analyzed separately and had a
comparable effect size and lower precision. Additionally, across 2 studies that did not have a
comparison group, 2 out of 50 (4%) of vaccinated participants reported arthritis. Additionally,
three published studies reported on the detection of vaccine virus in synovial fluid. This data
was not included in the evidence tables; however, the WG felt that it was directly applicable to
this outcome and supports causality between vaccination and arthritis, so it was presented
descriptively. Across this body of evidence, vaccine-virus has been detected by reverse
transcriptase polymerase chain reaction (RT-PCR) in 4 out of 7 vaccinated participants who
have had synovial fluid tested. Viral isolation was attempted on one synovial fluid specimen and
was negative.
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Looking at the body of evidence for the four randomized trials for Outcome 4, overall, among
1776 vaccinated participants, 39 (2.2%) reported severe arthralgia compared with 16 out of 868
(2.1%) non-vaccinated participants. This equates to a relative risk of 1.8 and an absolute risk of
23 more events of arthritis out of 1000 people. This body of evidence was downgraded one level
for a concern for risk of bias because the studies used variable definitions and methods for
diagnosing and reporting arthritis, and for lack of blinding in participants, healthcare personnel,
and outcome assessors in two studies that may have influenced events reported for this
outcome. Because the 95% confidence interval crosses 1 and includes a potential for possible
harms as well as benefits, the evidence was downgraded one level for imprecision. Overall, this
body of evidence was assessed to be Type 3 low certainty evidence. Looking at the body of
evidence for the two observational studies, overall, 43 out of 520 vaccinated recipients reported
arthritis compared to 3 out of 107 unvaccinated participants. This equates to a risk ratio of 2.06
and an absolute risk of 33 more events of arthritis out of 1000 people. Because of concern for
fragility in the estimate due to the few number of events reported and that the 95% confidence
interval crosses 1 and includes a potential for possible harms as well as benefits, the evidence
was downgraded two levels for imprecision. Overall, this body of evidence was assessed to be
Type 4 very low certainty evidence.

For Outcome 5 (vaccine-related adverse pregnancy outcomes for women inadvertently
vaccinated while pregnant and women who become pregnant within 2 months of vaccination
that was assessed with incidence of pregnancy loss defined as spontaneous abortion and
stillbirth), there was one study included in the body of evidence, Legardy-Williams 2020, which
was a non-randomized sub-study of the Sierra Leone Trial to Introduce a Vaccine Against Ebola
(STRIVE). In this study, 14 out of 31 (45%) pregnant women who received immediate
vaccination experienced pregnancy loss compared to 11 out of 33 (33%) of unvaccinated
pregnant women. Overall, the rate of pregnancy loss between these groups was not significantly
different. Among live births, no external congenital anomalies were detected among either
group. Further studies with larger sample sizes would be needed to rule out a meaningful
difference in the percentage of pregnancy loss, pregnancy complications, or birth defects. There
were 3 additional studies that reported on this outcome that did not have comparison groups.
Among these 3 studies, there were 3 adverse pregnancy outcomes out of 20 pregnancies in 19
women; however, no conclusions can be made regarding the relationship between vaccination
and adverse pregnancy outcomes based on these data.

In terms of the body of evidence for Outcome 5, in the one observational study with a
comparator, 14 out of 31 (45%) pregnant women who received immediate vaccination
experienced pregnancy loss compared to 11 out of 33 (33%) of unvaccinated pregnant women.
This equates to a relative risk of 1.35 and an absolute risk of 117 more events of pregnancy loss
out of 1000 people. This evidence was downgraded one level for indirectness because the
study did not differentiate between spontaneous abortions, including induced abortion, and
stillbirth and the outcome may not accurately distinguish between events due to the vaccine.
Additionally, because of there being a concern for fragility in the estimate due to the few number
of events reported and that the 95% confidence interval crosses 1 and includes a potential for
possible harms as well as benefits, the evidence was downgraded two levels for imprecision.
Overall, this body of evidence was assessed to be Type 4 very low certainty evidence.
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For Outcome 6a (the transmissibility of vaccine virus, with a surrogate of vaccine virus
dissemination assessed with detection of rVSV in blood/plasma by RT-PCR), data from 8
studies were included for the body of evidence for this outcome. Across these 8 studies, on day
7 post-vaccination, 32 out of 691 (4.6%) vaccinated participants were RT-PCR positive for
vaccine virus. On day 14 post-vaccination, 1 out of 501 (0.2%) of vaccinated participants were
RT-PCR positive for vaccine virus. Additionally, one study performed viral isolation on selected
blood specimens and all were negative.

To summarize the body of evidence for the surrogate outcome of detection of rVSV in
blood/plasma by RT-PCR, the longest recorded positive is 14 days post-vaccination. While
these 8 studies include both RCT and non-randomized studies, for the purposes of this
outcome, only data from the vaccinated arms were included for analysis. As discussed
previously, the studies were considered observational for this outcome. This evidence was
downgraded one level for risk of bias because of concern for incomplete outcome data as not all
who received the vaccine were tested on a given day. It also was downgraded 2 levels for
indirectness because the outcome of interest to the WG was transmissibility of the vaccine virus
to humans or animals. There are no data that report on transmissibility, so viral dissemination
and shedding is assessed as an indirect surrogate. Additionally, RT-PCR positivity is not
synonymous with infectivity. Overall, this body of evidence was assessed to be Type 4 or very
low certainty evidence.

For Outcome 6b (transmissibility of vaccine virus, with a surrogate of vaccine virus
dissemination assessed with detection of rVSV in saliva and urine by RT-PCR), data were
included from 4 studies for the body of evidence for this outcome. Across these 4 studies, on
day 7 post-vaccination, 6 out of 257(2.3%) vaccinated participants were RT-PCR positive for
vaccine virus in saliva while 2 out of 246 (0.8%) were positive in urine. On day 14 post-
vaccination, 1 out of 98 (1%) of vaccinated participants were positive in saliva while 0 out of 98
were positive in urine.

To summarize the body of evidence for the surrogate outcome of detection of rVSV in saliva
and urine by RT-PCR, the longest recorded positive in saliva is 14 days post-vaccination and
the longest recorded positive in urine is 7 days post-vaccination. Like the previous outcome,
only data from the vaccinated arms were included for analysis, so the studies were considered
observational for this outcome. This evidence was downgraded one level for risk of bias
because of concern for incomplete outcome data as not all who received the vaccine were
tested on a given day. The evidence also was downgraded 2 levels for indirectness because
like the previous outcome, no data report on transmissibility, so viral dissemination and
shedding is assessed as an indirect surrogate and RT-PCR positivity is not synonymous with
infectivity. Overall, this body of evidence was assessed to be Type 4 very low certainty
evidence.

Across the body of evidence for Outcome 7 (vaccine-related SAES), 12 studies with unique
populations reported on vaccine-related SAEs. Out of 19,184 people who received the vaccine
across these 12 studies, 3 SAEs judged to be related or possibly related to the vaccine were
reported. Two of these were related to vaccination and included a febrile reaction and
anaphylaxis, both of which resolved without sequelae. One was judged to be possibly related to
the vaccine, an influenza like iliness, which also resolved without sequelae. In summary, the
majority of studies did not report any vaccine related SAEs.
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To summarize the body of evidence for outcome of vaccine-related SAEs, vaccine-related AEs
are an uncommon occurrence. Across 12 studies, 3 of 19,184 (0.02%) vaccinees were judged
to have an SAE related to or possibly related to vaccination. Like the previous outcome, only
data from the vaccinated arms were included for analysis, so the studies were considered
observational for this outcome and were not downgraded across any of the criteria. Overall, this
body of evidence was assessed to be Type 3 low certainty evidence.

Evidence to Recommendations for Pre-Exposure Vaccination With
rVSVAG-ZEBOV-GP Vaccine for At-Risk Adults in the United States

Mary Choi, MD, MPH
Viral Special Pathogens Branch
Centers for Disease Control and Prevention

Dr. Choi reminded everyone of the policy question and PICO. The first EtR question is, “Is the
problem of EVD due to Ebola virus (species Zaire ebolavirus) of public health importance?” For
this question, the WG considered that Ebola virus (species Zaire ebolavirus) is the most lethal of
the 4 viruses that cause EVD in humans. It is highly transmissible and in infected people, it can
be found in all body fluids. The disease can be quite severe and death can be rapid, occurring
as soon as 7-10 days after symptom onset. In survivors, the virus has been known to persist in
immuno-privileged sites and in some instances, this has led to continued disease transmission
and disease recrudescence. In addition, there is no FDA-approved treatment.

The virus is an international public health threat. It is responsible for the majority of reported
EVD outbreaks (64%; 18/28) to include the largest EVD outbreak in history in 2014 in West
Africa. The virus has infected over 31,000 persons and resulted in over 12,000 deaths. On
August 1, 2018, an EVD outbreak due to Ebola virus (species Zaire ebolavirus) was declared in
Eastern Democratic Republic of Congo. On July 17, 2019, the outbreak was declared to be a
PHEIC. On February 12, 2020, the WHO Emergency Committee unanimously agreed that the
outbreak still constitutes a PHEIC with over 3000 persons infected and over 2000 deaths. The
current outbreak continues to be classified as a PHEIC. The virus also is a US public health
threat. There were 11 individuals infected with Ebola virus (species Zaire ebolavirus) treated in
the US, all of which were associated with 2014 West Africa outbreak. Of these, 9 were infected
in West Africa and 2 were infected in the US while caring for a returned traveler. Additional
persons were repatriated to the US following high-risk exposures to confirmed EVD patients
during the 2014 West Africa outbreak and 2018 DRC outbreak, none of whom developed EVD.
The WG would say “Yes” this virus is a public health threat.

The next question relates to benefits, “How substantial are the desirable anticipated effects of
vaccination.” One study was evaluated using GRADE that provided data on vaccine efficacy.
This study demonstrated protective effect from vaccination at the participant level with a 96%
risk reduction (RR:0.04 [95%CI: 0.0001 — 0.74]). Therefore, the WG determined that the
anticipated effects are “Large.”

With regard to harms, the question is, “How substantial are the undesirable anticipated effects?”
From the GRADE analysis, it is known that arthralgia is more commonly reported among
vacinees (RR: 2.55). Severe arthralgia is more commonly reported among vaccine recipients,
although it seems to be uncommon (RR: 6.40). Arthritis is also more commonly reported among
vacinees (RR: 1.80). Pregnancy loss in vaccinated women does not seem to be significantly
higher than in non-vaccinated women (RR: 1.35). However, the data are limited for this
outcome. It also is known that rVSV vaccine virus has been detected post-vaccination in blood,
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saliva, urine, and synovial fluid and that vaccine-related SAEs are rare. The WG determined the
undesirable anticipated effects to be “Moderate.”

The question regarding the balance of benefits and harms is, “Do the desirable effects outweigh
the undesirable effects?” To make this determination, the WG considered the demonstrated
efficacy of the vaccine, the high severity of illness in people who contract the disease, the high
transmissibility of the virus in infected individuals, the issues of virus persistence demonstrated
by instances of continued disease transmission and disease recrudescence, the lack of an FDA-
approved treatment, and that vaccine-related SAEs are rare. Based on these considerations,
the WG thinks that it “Favors Intervention.”

With regard to the overall certainty of effectiveness of the vaccine, one study evaluated using
the GRADE process demonstrated protective effect from vaccination. At the participant level,
the overall certainty in the evidence for effectiveness is “Moderate.”

Regarding the overall certainty for evidence of safety, several outcomes in the GRADE analysis
were related to safety. The first was arthralgia (0-42 days). Arthralgia is more commonly
reported among vaccine recipients compared to placebo. The certainty level for this evidence
was “Very Low.” Low certainty may be due to the variability among the studies included in the
evaluation in terms of the definition of arthralgia, evaluation of arthralgia, availability of
specialized care/radiographic imaging, and timing at which arthralgia was ascertained.

In terms of the outcome of severe arthralgia, severe arthralgia is more commonly reported
among vaccine recipients compared to placebo or unvaccinated, but overall appears to be
uncommon. The certainty of evidence is “Low” or “Very Low” depending upon whether the
studies were RCTs or observation. Again, low certainty may be due to variability between

studies in the evaluation of arthralgia and timing at which arthralgia was ascertained.

With regard to post-vaccination arthritis (0-56 days), arthritis is more commonly reported among
vaccine recipients compared to placebo. It also is known that the rVSV vaccine virus has been
detected by RT-PCR in the synovial fluid of 4 vaccinated participants. The certainty of evidence
is “Low” or “Very Low” depending upon whether the studies were RCTs or observation. Again,
some of this may be due to variability between studies in the definition of arthritis, methodology
used to diagnosis arthritis, availability of specialized care/radiographic imaging, and timing at
which arthritis was ascertained.

Concerning vaccine-related adverse pregnancy outcomes, pregnancy loss among vaccinated
pregnant women was not significantly higher than pregnancy loss among unvaccinated
pregnant women. The certainty of this evidence is “Very Low.”

Regarding vaccine-related SAEs, across 12 studies and over 19,184 vaccinated individuals,
there were 2 vaccine-related and 1 possibly vaccine-related SAEs (anaphylaxis, febrile reaction,
influenza-like iliness). All of these resolved without sequelae. The certainty of evidence is “Low”
due to extraction of vaccinated-arm data only, which rendered the data observational, and that
vaccine-related SAEs are rare.

Pertaining to transmissibility of vaccine virus, no data are available on vaccine virus
transmissibility to non-vaccinated persons or animals. Viral dissemination and shedding were
assessed as an indirect surrogate for this outcome. The certainty of evidence is “Very Low” as
outcome data were collected only from the vaccinated study arms, thus rendering the data
observational.
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In summary, the overall certainty of the evidence in terms of the safety of the intervention was
determined to be “Very Low.”

The next question relates to target population sentiment, “Does the target population feel that
the desirable effects are large relative to undesirable effects?” No Knowledge, Attitudes, and
Practices (KAP) surveys have been conducted amongst the 3 populations of interest for this
subject. The WG had several discussions about this and the feeling was that persons
responding to EVD outbreaks and HCP at federally-designated ETCs will likely think the
desirable effects outweigh undesirable, given that several of them have enrolled in the
PREPARE clinical trial that is offering the vaccine. In addition, the majority (10/11) of the
EVD patients treated in the US were either responding to an EVD outbreak and/or were HCP.

Response to vaccination has been mixed among BSL-4 personnel. Some enrolled in the
PREPARE clinical trial that is offering the vaccine, so there are people who are open to
vaccination. Others have wanted to enroll in PREPARE, but have been unable to do so because
of logistical challenges. There are currently only 3 clinical sites for the PREPARE trial in North
America located at NIH, Emory University, and Winnipeg. However, people have expressed
interest in accessing the licensed vaccine when it is available outside of the 3 PREPARE clinical
trial sites. There are anecdotal reports of some people declining to be vaccinated because they
felt that the additional level of protection afforded by vaccination, in the backdrop of strict
biosafety measures already in place in BSL-4 laboratories, was considered to be minimal
compared to the potential undesirable effects of vaccination. The WG determined that this
“Varies” among the 3 different populations.

The second question regarding target population sentiments is, “Is there important uncertainty
about or variability in how much people value the main outcomes?” Again, the WG feels that
individuals responding to an EVD outbreak and HCP at federally-designated sites will likely think
that the desirable effects are large relative to undesirable effects. Among the BSL-4 population,
there was a mixed response to vaccination. However, the WG thinks that amongst BSL-4
laboratorians and support staff, most think the desirable effects are large relative to undesirable
effects. For this question, the WG made the determination that there is “Probably no important
uncertainty or variability.”

The question with regard to key stakeholder sentiments is, “Is the intervention acceptable to key
stakeholders?” Again, no KAP survey data are available. The WG feels that for the majority of
the 3 populations of interest, the vaccination is acceptable. NGOs, federally-designated ETCs,
governmental organizations, and BSL-4 laboratories have been supportive of staff receiving the
vaccine through the PREPARE clinical trial. Therefore, the WG answered “Yes” to this question.

The question regarding resource allocation is, “Is the intervention a reasonable and efficient
allocation of resources?” A cost-effectiveness evaluation was not performed as this vaccine is
intended for use in preparedness scenarios in limited populations and not as routine vaccination
in the general population. At this time, the vaccine will be stored and made available through the
US government. Therefore, the WG answered “Yes” to this question.

The question pertaining to feasibility is, “Is the intervention feasible to implement?” As it appears
now, licensed vaccine will likely become available by the third or fourth quarter of 2020. The
vaccine is currently available through the PREPARE clinical trial. There are ongoing discussions
to identify mechanisms to allow for limited quantities of investigational-labeled vaccine to be
made available for ACIP-recommended populations in the interim period between ACIP
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recommendations and availability of licensed product outside the setting of a clinical trial.
Therefore, the WG answered “Yes” to this question.

Regarding the balance of consequences, the WG made the determination that “desirable
consequences probably outweigh undesirable consequences in most settings.”

The question related to the sufficiency of information is, “Is there sufficient information to move
forward with a recommendation?” To make this determination, the WG considered that there are
available efficacy data in an outbreak setting, as well as safety data for 19,184 persons
vaccinated in the US, Europe, and Africa that has been evaluated using GRADE. Therefore, the
WG answered “Yes” to this question.

Discussion Points

Dr. Romero requested additional information regarding the duration of the arthralgia or arthritis
that presented in these patients.

Dr. Cossaboom responded that in general, most of the arthralgia events reported were mild and
resolved over a short period of time. There were instances of arthralgia that persisted for more
than a month, and also resolved then recurred.

Dr. Talbot observed that the studies were conducted in healthy populations, which she assumed
meant immunocompetent. She wondered whether anything was known about other comorbid
conditions such as whether the vaccine would be safe for someone who has severe heart
disease, and what constitutes the definition of “healthy.” She emphasized the importance of
having a standard definition for providers.

Dr. Frey did not think they had those data. The vaccine is being recommended for and
presumably being given only to people who are otherwise healthy and not pregnant. She was
not sure the WG had defined what “healthy” means. For clinical trials, the definition is usually
pretty strict. They can look at the definition used in the PREPARE trial. The definition would
likely differ in the US from international populations. In the US, “healthy” typically means without
most comorbidities. Some studies allow issues such as hypertension if it is well-controlled.
Certainly, non-pregnant and non-lactating women would be allowed.

Regarding Outcome 4 concerning arthritis, Dr. Szilagyi inquired as to whether patients were
followed longer than 56 days, which would be an important measure. Also, the incidence rates
for arthritis in Outcome 4 were 2.2% versus 2.1%. That does not calculate to a risk ratio of 1.8.
He suggested checking those numbers. He wondered whether the vaccine supply would be
large enough if there were to be a large outbreak, and if the WG planned to address this.

Dr. Cossaboom reiterated that there was considerable variability in the methods that were used
to follow-up and clinically diagnose arthritis. Some of the references did follow-up patients for
more than 56 days. There were few reports of recurrent arthritis and durations of longer than 56
days.

Dr. Romero asked whether individuals were screened for pre-existing arthralgia or arthritis
conditions and, if so, whether those individuals were at greater risk.
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Dr. Coller (Merck) indicated that long-term follow-up for arthritis and arthralgia was included in
many of the studies during which the subjects continued to be followed out for at least 6 months
in the US-based study. There were some recurrences as was alluded to for arthritis events,
including issues such as trigger finger, that were observed out even 2 years in the Geneva
cohort. Based on the limited sample size, she thinks they do have a reasonable view of the
duration and recurrence of arthritis events.

Dr. Poehling inquired as to whether the data on transmissibility were based on the PCR studies.
Since the backbone is a VSV, she also wondered what the incidence of stomatitis is in the
vesicular outbreaks.

Dr. Cossaboom indicated that there were no data available on transmissibility of the vaccine
virus, so the WG decided as a surrogate to assess the detection of vaccine virus by RT-PCR in
blood, saliva, and urine. For the purpose of the presentation, the WG did not do a
comprehensive systematic review on the outcomes of incidence of the oral and skin lesions
because those were lower in importance to the WG. However, they do plan to address this in
the future.

Dr. Cohn requested that Dr. Coller remind them of the overall incidence for arthralgias was and
what proportions of the persons who had arthralgia had longer-term, greater than one week or
recurring events.

Dr. Coller (Merck) indicated that the overall incidence of arthralgia across the program, specific
from the US prescribing information, is that approximately 10% to 15% of individuals develop
arthralgia. Typically, that resolves within the first 7 days or so. She will look up and report back
to ACIP the proportion of persons among whom arthritis or arthralgias resolves and the
proportion in which they are long-term.

Dr. Sanchez asked whether arthritis or arthralgia had occurred in the other vaccines for which
the VSV has been used.

Dr. Choi said that she read other papers on this, which did not seem to find that. In a review
paper that examined other VSV-based vaccines, arthritis was not seen. Arthritis was not seen in
humans affected by the VSV vaccine, so the initial paper that assessed arthritis and the synovial
fluid issue in vaccinated individuals postulated that this may be something that is specific to this
combination of the VSV plus the glycoprotein of the Zaire behaving somewhat differently than
would have been expected because it was not seen with the VSV in humans or animals.

Dr. Bernstein noted that the patients who had arthralgia did not evolve into arthritis, and
wondered whether those were the same or different patients.

Dr. Cossaboom replied that in many of the reports, there were individual-level data. There were
reports of arthralgia and arthritis, but in some cases it was not clear whether they were the
same people.

Dr. Coller (Merck) added that in many of the cases, it was the same individuals who
experienced some joint pain and then had evidence of joint swelling. Recalling an earlier
question about whether there was evidence that a prior joint injury led to an increased risk of
arthritis and arthralgia, she reported that they conducted an analysis in the large Phase 3 study
conducted in the US and did find that prior damage to joints and/or being female led to an
increased risk of arthritis.
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Dr. Fink (FDA) mentioned that in the data that the FDA evaluated in the Biologics License
Application (BLA) submission, they looked at events of arthritis and arthralgia and found that
arthritis specifically occurred at a range of 0% to 24% of subjects. In most studies they
evaluated, the arthritis rate was less than 5%. There was one outlier in a study from Switzerland
where arthritis occurred at a rate of 24%. That outlier study also had the highest proportion of
subjects who had prolonged arthritis, which was 6 subjects out of 24.

Dr. Messonnier asked whether the FDA considered pre-existing conditions and if there are any
that should be contraindications, and if they considered pregnancy categories.

Dr. Fink (FDA) indicated that the FDA did not consider there to be any pre-existing conditions
for which the vaccine would be contraindicated based on the available data, and considering the
severity of Ebola disease and the benefit/risk considerations. There were individuals in the
safety database who had some pre-existing conditions, including human immunodeficiency
virus (HIV) infection and other immunocompromising states. It is also worth noting that in the
Ebola Ca Suffit trial, there were no exclusion criteria related to pre-existing conditions other than
having a medically significant condition that resulted in hospitalization or required treatment for
Ebola disease. In terms of pregnancy, the FDA labels no longer have pregnancy categories.
Instead, there are descriptions of data and risk considerations related to human and animal data
regarding pregnancy. The non-clinical or animal studies that were done to assess for
reproductive toxicity did not raise any concerns with regard to use in pregnancy. As mentioned
during the presentation on the GRADE analysis, there are limited data on pregnancy outcomes
in humans who have been vaccinated. There are not enough data to make any firm conclusions
about risks from exposure to the vaccine during pregnancy. That being said, considering the
overall risk and benefit balance, the vaccine indication does include women who are pregnant
who are at risk of Ebola exposure.

Dr. Schaffner (NFID) pointed out that the emphasis had been on PrEP, but he wondered about
post-exposure prophylaxis (PEP) If there were to be another episode such as the one in Dallas,
he imagined there would be great interest in using this vaccine in a PEP circumstance. He
asked whether the WG had considered PEP.

Dr. Choi indicated that the WG discussions have focused on PrEP and identifying the
populations at highest risk. In the DRC, the vaccine is used essentially in a post-exposure
method with the rings and clusters. The WG will continue to address the issue of post-exposure
and other populations for whom they potentially would suggest recommendations.

Dr. Frey emphasized that the WG still has a lot to discuss, but concentrated this session on the
3 most urgent groups who needed to be addressed. They will have a lot more to present in the
coming months.

Dr. Bernstein observed that since pregnancy loss was higher in vaccinees versus non-

vaccinees, although not statistically significant and there were limited data, perhaps there would
be value in objectively identifying that women are not pregnant before receiving this vaccine.
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Dr. Choi indicated that in some of the clinical trials conducted, pregnancy was an exclusion
criterion. Certainly, there would have to be some precautionary language on that issue.

Dr. Frey emphasized that the WG is just concentrating on the 3 major populations of interest in
the US, and that there are limited data available. There is a lot of uncertainty about the evidence
to recommend, so they want to be cautious. They are moving forward with these first 3 groups
in terms of vaccinating adults 18 years of age and older who are relatively healthy and not
pregnant. They hope to review more information as more vaccine is administered, particularly
from the trials that are ongoing. She used the correlate of smallpox and giving Dryvax® or
ACAM2000® live attenuated viruses, which would be used to vaccinate pregnant women and
otherwise compromised hosts in an outbreak setting. While the WG was not yet at that point in
their deliberations, those discussions will be forthcoming.

Ms. McNally asked whether there was any specific information about what concerns the BSL-4
personnel had who anecdotally indicated that they were concerned about the potential
undesirable effects of the vaccines.

Dr. Choi responded that some of the BSL-4 laboratory personnel felt that there are other
precautionary measures in place in BSL-4 laboratories and as such, some of them did not feel
that vaccination would add that much to the existing protection. At the same time, there are
people in that population who have been vaccinated through PREPARE and are supportive of
others being vaccinated. They also heard that there are groups within that population who
wanted to take part in PREPARE, but could not do so because of their location. Because it is a
clinical trial, there is a lot of follow-up that has to be done at the clinical trial site. Some people
were not able to take the time off for that and still be paid, so there were a lot of logistical and
financial concerns that impeded them from enrolling.

Dr. Frey reminded everyone that the information the WG has from these populations and their
desire to receive or not receive vaccine is anecdotal. They spoke to some of the supervisors
and administrators in those areas, who shared anecdotal information. Some people wanted to
see more safety data after the vaccine had been tested further. A variety of other reasons were
given as well, but the overall sense from the people who the WG spoke with was that the
majority of those populations would be interested in having the vaccine available to them. Those
who had not already received the vaccine or were hesitant about taking it cited that they already
were doing a good job with existing personal protective equipment (PPE) and preferred to wait
for additional safety data.

Dr. Cohn requested clarification on what the risk is to BSL-4 laboratory workers in terms of
whether there ever has been a case of Ebola related to an exposure, or if there have been
exposures in this population.

Dr. Choi responded that there has never been a case of EVD diagnosed in a BSL-4 worker in
the US. There was one individual in Russia, who she believes died.

Circling back to the comment about the HCP definition, Ms. Stinchfield (NAPNAP) emphasized
that hospitals and healthcare settings take that definition very literally. As they saw earlier, it is
not complete. She cautioned that as they get into lists and policies, they may find themselves in
trouble. For example, in the Children’s Minnesota policy for proof of immunity to work at the
hospital, they basically put in the link to the CDC healthcare vaccination schedule. At that site,
there is a very abbreviated part of the definition that was shown during this session that does
not included the sentence about “including, but not limited to.” It looks like the professionals
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listed there are the professionals to whom that refers, which she did not think was the intent.
She called everyone’s attention to the National Foundation for Infectious Diseases (NFID) Call-
to-Action: Improving Healthcare Personnel Immunization Rates written in March 2018. Many of
the ACIP liaisons participated in the development of that publication and developed a much
simpler definition, which is, “All healthcare personnel who work directly with patients, or who
work in any capacity in a healthcare setting, should be vaccinated in accordance with CDC
recommendations.” The CDC recommendations include the details for specific vaccines. She
suggested that they work on improving the definition.

Dr. Lee asked whether the groups queried for acceptability were frontline workers handling
replication competent Ebola virus, or if it was generally anecdotal reports from supervisors. She
is more concerned about the frontline workers specific to this recommendation category.

Dr. Damon, Director of the Division of High Consequence Pathogens and Pathology (DHCPP)
where BSL laboratory work occurs at the agency, reported that in the history of the BSL-4
laboratory work at CDC, there have been no breeches in the use of PPE that would have
required some sort of PEP or treatment. Most other institutions that have BSL-4 laboratories
track this very closely and to her knowledge, there is one example in Eastern Europe of an
exposure in which treatment with an investigational antivirals and post-exposure vaccination
were used. Dr. Choi described the one episode on Russia where there was exposure. In terms
of work in a field laboratory setting, CDC ran and operated a laboratory that tested and
processed tens of thousands of suspect and confirmed Ebola samples and had no breeches in
exposure and no infections. Several of CDC’s personnel had been vaccinated prior to going to
work in that laboratory through one of the investigational protocols.

Dr. Frey asked Dr. Damon to explain to ACIP if it is the policy to vaccinate workers, if a vaccine
is available, prior to them working in BSL-4 laboratories.

Dr. Damon responded that this decisions would be made with occupational health with the
scientific program to understand the level of risk and the additional benefit versus risk that would
be associated with any individual vaccine. There is not a requirement for anthrax vaccination in
CDC'’s laboratories as it is BSL-3, but there is a requirement for smallpox vaccination among
BSL-4 laboratory workers. The smallpox decision was made because there is no disease
anywhere in the world, so the potential risk for an undiagnosed exposure led to that
recommendation. With the additional barriers available to prevent infectious exposure with
Ebola within the BSL-4 laboratory and training of the personnel, this would likely be an individual
decision that should be made in concert with the scientific program and occupational health to
judge the level of risk. Certainly, people handling animals and infected animals are likely at
higher potential risk than others. Understanding people’s level of risk in terms of the potential for
an arthritis is important, given that it could be debilitating for a number of days. BSL-4 personnel
carry around an additional 5 to 10 pounds of weight in terms of the suit and breathing
apparatus, so mobility is already less than what it is like to walk around in in a normal
environment.

Ms. McNally emphasized that as reported during this session, no KAB surveys have been
conducted among the 3 populations of interest and the anecdotal reports indicated concern
regarding the arthritis/arthralgia or the potential vaccine-related events from pregnancy
outcome. She requested that someone flesh that out further.
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Dr. Choi recalled that the concerns were mostly related to arthritis/arthralgia and reactogenicity
associated with the vaccine. She did not recall a WG discussion specifically about concerns with
pregnancy.

Dr. Hunter thought they had discussed 2 fairly well-defined population thus far, the BSL-4
laboratory personnel and people who work in a federally-defined Ebola Treatment Center.
However, the other groups is somewhat less well-defined and could include volunteers in NGOs
and others who are deploying in various capacities who will have various levels of risk.
Consideration should be given to the level of risk, where someone is on the ring, and how much
risk there is of death depending upon whether someone is out in the bush in West Africa and
cannot get a medivac because transportation is breaking down, someone is in a regional center
away from the outbreak and may not have direct contact with patients based on the assignment,
or someone is on their way and may or may not have exposure depending upon length of stay.
There is going to be a lot of interesting conversation about risk for dying versus risk for
arthralgia. He assumed that the simple policy statement that “it is recommended” is going to
have a lot of information in the guidance for various levels of risk upon which ACIP is not going
to vote.

Dr. Choi said that the WG agrees. They kept the definition somewhat broad. Initially, it was
“persons deploying to an outbreak.” However, they felt that on some level that was limiting. As
mentioned, someone was repatriated during the current outbreak because of a high-risk
exposure. That is a US personnel who is in the DRC and normally works at a hospital in the
DRC. He had contact because a pregnant Ebola patient presented to his facility whom he took
care of. That is why they left out the word “deployed.” There are oftentimes NGOs and other
organizations working in places where the Ebola outbreak hits. If the language is limited to
“deployed,” it potentially puts them out of the box though they could be at risk depending upon
transmission in the community.

Dr. Cohn pointed out that they would be voting on the language in the recommendation in terms
of these groups. However, there will be additional guidance in the Policy Note that is being
written about how to assess persons at risk and guidance for these organizations. This is going
to be a very risk-based assessment not only for laboratory personnel, but also for all of these
groups. There also will be guidance about groups who should not be vaccinated.

Dr. Bell indicated there are a number of consultants on the WG, some of whom in Europe are
already vaccinating their responders and have developed some clear vaccination guidelines
targeted to the types of settings their workers may encounter. The WG anticipates something
similar that would appear in the Policy Note as Dr. Cohn indicated. The point is every well-taken
in that there are all sorts of exposures that may be particular to specific types of organizations
and they will have to work through that very carefully.

Dr. Frey noted that if ACIP decided to recommend this vaccine, an ACIP recommendation
would not make it mandatory for people to be vaccinated. She appreciated the fact that when
particular organizations read that ACIP recommends a vaccine, that automatically translates to
a mandate to be vaccinated. That is not the case, and a lot of guidance would be given for how
those decisions should be made. It would be up to organizations to determine the risk for their
particular employees. There are so many different individual situations that could occur, the
decision-making needs to occur at the level of employment.
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Dr. Cohn asked whether there has been any discussion about an upper age limit in terms of a
recommendation or information about use of this vaccine in older adults.

Dr. Choi indicated that when the WG reviewed the clinical trials, some of them did have an
upper age restriction that she believed was 65 years. However, the WG has not talked
specifically about setting an upper limit.

Dr. Frey added that this relates back to the definition of what constitutes “healthy.” As people
age, they do have a tendency to have morbidity or comorbidities.

Dr. Fryhofer (AMA) said that as a practicing physician and member of this WG, she conveyed
how much she appreciated the questions that came from ACIP regarding this decision and what
a fabulous job the two CDC leads have done in looking at this. She said she did not think they
had slept over the last two months, and expressed gratitude for their hard work.

Dr. Frey reminded everyone that this is a live-attenuated vaccine vector, VSV, in its recombinant
state. With live-attenuated vaccines come more side effects (fever, myalgias, arthralgias) than
occur with subunit vaccines, for example. These are frequently not unexpected. In addition,
there is limited information about transmissibility in terms of this vaccine. While people have
concerns about transmissibility, this has not been well-studied. There is no evidence for it, but
there is evidence for skin lesions that have virus in them and other fluids that test positive
through PCR. The WG recommendations are population-based for this particular vaccine, given
the mortality related to infection should someone become infected. They are not being
presented in the sense of shared decision-making. The decision-making processes will be at the
level of the institution.

Dr. Coller (Merck) reported back on some of the questions for which she looked up specific
responses. In terms of arthritis, data from Merck’s largest double-blind, placebo-controlled, US-
based Phase 3 study, approximately 3.7% of subjects developed arthritis who received the
target dose. The median onset for that was 11 days post-vaccination. The median duration of
the arthritis was 6 days, with a range from 0.5 to 44 days for the target dose and 0.5 to 156 days
for the high-dose group included in that study. Nearly all of the arthritis events had resolved
prior to the 6 months and there were no recurrences out to 2 years. A subset of about 500
subjects were followed for 2 years out of the total of 1200. For arthralgia, there was a lot of
variability. It was assessed across all of the trials. In the Phase 1 blinded trials, it ranged from
10% to 50% versus 22% in placebo. On the US-approved label, that number is 18%. Median
onset tended to occur quite early, within days, and was generally resolved by Day 14. Some
went longer than that, but generally resolved by Day 14. As Merck talk about it, the arthralgia
was generally days to weeks and the arthritis was more weeks extending out to months in some
cases.

Dr. Cossaboom added more information with regard to background. The Geneva trial was the
first to identify arthritis and they provided extensive investigation into the cases. To add on to
the information Dr. Coller provided, there were 24 cases of temporally associated arthritis in this
trial out of 102 subjects. The median duration of the arthritis was 34.5 days. The median time of
onset was 10.5 days. Of the 24 subjects with arthritis, 5 reported recurrent arthritis or arthralgia.
That had a duration ranging from 3 to 222 days, with a median duration when taken together
with those recurrent reports of arthritis of 81.5 days. Regarding the question of the risk ratio that
was reported for Outcome 4, she discovered that there was a small arithmetic error that will be
updated for the final slides, but it was not significant.
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Dr. Damon recalled that there had been discussion at some point about the potential for people
with cardiac risk factors. She invited their colleagues from the Strategic Advisory Group of
Experts on Immunization (SAGE) who have been following the WHO efforts to assess safety,
and from the FDA to discuss what they have seen in terms of any cardiac risk factors or AEs.

Dr. Cravioto (WHO/SAGE) indicated that they have not received any information regarding any
cardiovascular effects. The main AEs that have been reported in the use of the vaccine have
been arthralgias. Probably because of the way the vaccination has been done and the follow-up
difficulties, they have not seen the arthritis problems in that sense. He noted that the Global
Advisory Committee on Vaccine Safety (GACVS) recently published its newest bulleting that
includes the entire analysis of safety data for the VSV and Ad26.ZEBOV Ebola vaccines, which
is available on the WHO webpage.

Dr. Fink (FDA) indicated that in the safety data the FDA reviewed for the licensure application
that included approximately 16,000 adult subjects who received the vaccine, there were no
reported cases of myocarditis or pericarditis specifically. More generally, there was no signal to
suggest any cardiac toxicity related to the vaccine.

Work Group Considerations: Proposed Recommendation Text for Policy Options

Mary Choi, MD, MPH
Viral Special Pathogens Branch
Centers for Disease Control and Prevention

Dr. Choi indicated that all of the policy considerations to be presented would be limited to
vaccination of healthy, non-pregnant, non-lactating adults = 18 years of age.

The first vaccination policy issue for posed for ACIP consideration pertained to individuals
responding to an outbreak:

Should pre-exposure vaccination with the rVSVAG-ZEBOV-GP vaccine be
recommended for individuals in the U.S. population responding to an outbreak of Ebola
virus disease due to Ebola virus (species Zaire ebolavirus)?

Amongst the WG members, the proposal by strong majority was to recommend. The rationale is
that there is a documented history of infections in outbreak responders, the benefits of
vaccination outweigh the risk in terms of severe disease and the lack of an FDA-approved
treatment, and that there is a risk of exposure even with appropriate use of PPE. It is not always
what someone wears, but how someone wears it and takes it off. The proposed text for the
population of individuals responding to an outbreak of EVD was:

Pre-exposure vaccination with r'VSVAG-ZEBOV-GP vaccine is recommended for
healthy, non-pregnant, non-lactating adults 18 years of age or older in the US population
who are responding to an outbreak of Ebola virus disease due to Ebola virus (species
Zaire ebolavirus).
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The second vaccination policy for ACIP consideration involved HCP:

Should pre-exposure vaccination with the rVSVAG-ZEBOV-GP vaccine be
recommended for healthcare personnel” involved in the care and transport of confirmed
Ebola virus disease patients at federally-designated Ebola Treatment Centers in the
United States?

The WG proposal by strong majority again was to “recommend.” The rationale is that
operational ETCs with trained and vaccinated personnel is a part of public health preparedness.
This population is at high-risk of occupational exposure to the virus. Vaccination provides an
added layer of protection, in additional to other biosafety measures (e.g., personal protective
equipment, engineering controls, et cetera). The proposed text for HCP vaccination was:

Pre-exposure vaccination with rVSVAG-ZEBOV-GP vaccine is recommended for
healthy, non-pregnant, non-lactating adults 18 years of age or older who work as
healthcare personnel® at a federally-designated Ebola Treatment Center in the United
States.

The third vaccination policy for ACIP consideration pertained to laboratorians and support staff
working in BSL-4 facilities:

Should pre-exposure vaccination with the rVSVAG-ZEBOV-GP vaccine be
recommended for laboratorians and support staff at biosafety-level 4 facilities that
handle replication-competent Ebola virus (species Zaire ebolavirus) in the United
States?

The WG proposal by strong majority was to recommend. The rationale is that BSL-4
laboratorians and support staff are at high risk for occupational exposure. Also, the vaccine
provides an added layer of protection in addition to other biosafety measures (e.g., personal
protective equipment, engineering controls, et cetera). The proposed text for this consideration
was:

Pre-exposure vaccination with rVSVAG-ZEBOV-GP vaccine is recommended for
healthy, non-pregnant, non-lactating adults 18 years of age or older who work as
laboratorians and support staff at biosafety-level 4 facilities in the U.S. who are at
potential risk for occupational exposure to Ebola virus (species Zaire ebolavirus).

Discussion Points

15t Vaccination Policy Issue for Consideration: Individuals Responding to an Outbreak
Dr. Bernstein pointed out that a strong majority is not unanimous.

Dr. Choi confirmed that a strong majority is not unanimous and explained that for each of the 3
groups, 1 person voted for shared clinical decision-making. All of the rest voted to recommend
and there were no votes not to recommend.

Dr. Romero clarified that ACIP voted and makes recommendations, while the WG may move to

submit proposed language to be presented to ACIP.
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Dr. Bell further clarified that it would be accurate to say that there were no WG members who
were opposed to some sort of recommendation for each of these groups.

Dr. Bernstein said he was still questioning whether there was value in documenting someone
not being pregnant before they receive this vaccine. He requested that Dr. Ault comment on this
as an obstetrician.

Dr. Ault said he thought it would be the same issue as whether someone is healthy or not.
There is a general principle that live viruses should not be given to pregnant women, so that
probably would fall under implementation. In terms of implementation, there is an accurate urine
test to detect pregnancy.

Dr. Messonnier noted that when the language was discussed in preparation for this policy
consideration, it clearly had a tenor of being risk-based. Yet, the way the language was
articulated did not exactly have that same sense of being risk-based.

Dr. Hunter agreed in context that avoiding clinical decision-making for this would be appropriate,
because the decision is on more of an institutional level. However, occupational health
recognizes that there are risks and goes through categories of risk. For just the first of the 3
groups, he suggested inserting a phrase that states “are at high risk for Ebola infection due to
responding.”

Dr. Lee emphasized the importance of conveying consistently that this recommendation would
pertain to certain individuals who are at high risk of exposure not only to confirmed infected
patients, but also their associated infectious materials. This is important from an access
standpoint for individuals and from a public health standpoint.

Dr. Cohn suggested that to capture the idea of there being a risk-based assessment, perhaps
the statement could include the language about all of these recommendations applying to
“healthy, non-pregnant, non-lactating adults = 18 years of age based on a risk-based
assessment” and then include parentheses in the 3 different groups to attach the risk-based
assessment and capture all 3 recommendations.

Dr. Eckert (ACOG) expressed concern with excluding pregnant women, because a woman may
be working in a laboratory or deployed and happen to find herself pregnant in a high-risk
situation. The data were not compelling that there is an increased risk to safety in pregnant
women. This is an opportunity to consider language that might be somewhat less exclusionary
toward pregnant women for this vaccine and in general. It is known if a pregnant woman gets
Ebola how bad that is.

Dr. Sanchez agreed that the disease is so severe, they should not completely exclude pregnant
women. It should be left up to the individual to decide, because nothing is done for the fetus
either in a pregnant woman who develops Ebola.

Dr. Atmar reminded everyone that this is PrEP, so the vaccine would be given electively. Due to
the relative lack of data in pregnant women, though the available data do not suggest an
increased risk, because it is elective and in practically in every circumstance can be withheld
until the woman is no longer pregnant, the WG decided to suggest the recommendation not to
use it in pregnant women. This adheres to the concept that live virus vaccines are not given to
pregnant women, and there are not a lot of data. There may be more data from PEP where it is
administered in pregnant women to try to prevent them from getting a disease to which they
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may have been exposed. That may be a mechanism by which eventually this could be
recommended for pregnant women. The WG thought at this time, it would be prudent not to
include pregnhant women. There was some discussion about whether pregnancy tests should be
done or not. He deferred to his obstetric colleagues on that question. Regarding the question
about risk, the WG certainly included “at risk” for the BSL-4 laboratorians and other personnel.
There also was some discussion about people being deployed who would never come in
contact with patients. But it also was recognized that many times, people who were deployed to
an area in response to an Ebola outbreak with the original intent not for them to have patient
contact, things are fluid and they might end up having a higher risk than initially anticipated. This
is why the WG thought that those responding might be sufficient, and the risk language could be
couched in the text rather than in this statement. He did not think anyone was necessarily wed
to the statement, but the discussion was that risk changes or can change once a person is on
the ground after responding.

Dr. Frey pointed out that if they took out pregnancy, it would follow to take out non-lactating
women.

Dr. Romero emphasized that it is known that certain antibiotics should not be used in pregnant
women due to the theoretical risk of joint damage in animal models. This vaccine definitely
shows evidence of arthritis, so this raises a concern about whether that also would occur in the
developing fetus.

Dr. Bell noted that it sounded like people were interested in potentially reflecting the concept of
risk in the language, and that they wanted to balance that with the kind of implementation
considerations that would be more appropriate in a Policy Note. For example, agencies
deploying people would have their own occupational health policies. It seemed that there was a
fair amount of sentiment to add some wording to the language reflecting the fact that this is
based on potential risk of exposure to infect patients or materials.

Dr. Messonnier said she thought it may just be in the framing. In other recommendations, it is
not the recommendation language that is meant to be precise. It is the paragraph before in
which there is an explanation about why the decision was made that would provide more
context. It seemed that it would be helpful in the paragraph before this language to articulate
that this is a risk-based decisions. That is not clinical decision-making exactly. It is a risk-based
decision, and many of the recommendations include that kind of language.

Dr. Cohn reminded the ACIP members that they would receive a draft of the Policy Note for
review, comment, and feedback. If they voted to approve the recommendation, there still would
be plenty of opportunity to provide feedback in how it is framed.

Dr. Frey emphasized that they would be recommending this vaccine only for people who are at
risk. Because the risk factor makes the decision-making difficult, the WG anticipated providing
that kind of guidance in the framing to help people make decisions regarding whether someone
should be vaccinated.

Dr. Hunter appreciated that and was reassured by the commitment to incorporate risk into the
guidance that goes along with this outside of the actual vote ACIP makes. He remained
concerned about how recommendations are implemented in institutions in that the main thing,
and sometimes the only thing, that is focused on it what ACIP actually votes on and the
verbiage of that. While he was not wedded to having the word “risk” in the recommendation, but
stressed that point that if the word “risk” did not appear directly in the statement, it could go both
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ways. An institution may over-interpret or under-interpret and not necessarily take the risk into
account and just make an administrative decision, which has happened sometimes.

Dr. Wharton asked whether the Countermeasures Injury Compensation Program (CICP) would
be applicable if the proposed use of this vaccine resulted in significant AEs.

Dr. Rubin (HRSA) indicated that she was awaiting a response to that question and would get
back to ACIP.

Dr. Cohn suggested that they go through each of the recommendations and then take a short
break to incorporate the suggestions and language of risk prior to any motions.

Dr. Talbot pointed out that if an occupational health program requires an employee to receive
the vaccine who then develops an arthritis/arthralgia, that could be problematic for a nurse at
the bedside, a surgeon, or someone who works in a BSL-4 space suited up. The risk of
contracting Ebola may be increased further for someone working in a laboratory who develops
arthritis. It would be very helpful to know that these people who have stepped forward to take
care of patients and do this research are protected if they do develop an arthritis.

Dr. Romero added that this raised a very good question pertaining to whether the arthritis or
arthralgia affects large or small joints. It would be helpful to have this information.

Dr. Cohn asked whether anyone from Merck was present who could speak to the type of
arthritis that was developed.

Dr. Coller (Merck) thought there was both small and large joint involvement, such as trigger
finger and knee issues. She said she would verify and report back to ACIP.

The language was revised to read as follows, subsequent to which the discussion continued:

Vote #1 Revised Proposed Language: Pre-exposure vaccination with rVSVAG-
ZEBOV-GP vaccine is recommended for healthy, non-pregnant, non-lactating adults 18
years of age or older in the U.S. population who are responding to an outbreak of Ebola
virus disease and are at potential risk for exposure to Ebola virus (species Zaire
ebolavirus).

Dr. Sanchez said he still would prefer that “non-pregnant” be removed because the way it was
written, it was almost like the non-pregnant woman would not receive the vaccine under any
circumstances. However, it is a risk and if a woman is at high risk for whatever reason this
should be an option.

Dr. Frey reminded everyone that they were talking about pre-exposure and that she understood
that there was concern about the difference between pre- and post-exposure. Typically, post-
exposure is a higher risk. She said if she understood the FDA comment earlier, pregnant
women or people with comorbidities potentially could be vaccinated. She emphasized that the
WG’s recommendation was only for pre-exposure. Given the limited data available, the WG
feels more confident making this particular recommendation. Certainly, if there are major
outbreaks or overwhelming cases and people are exposed who are pregnant or potentially
pregnant, that consideration would be swept away perhaps.
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Dr. Cohn asked whether everyone would be more comfortable if they paralleled this
recommendation to other immunization recommendations in which they do not include non-
pregnant, non-lactating adults, vote on the recommendation, and then have a contraindication to
state that it is not recommended for pregnant or lactating women.

Dr. Sanchez said that was his point. He thought in the discussion it could be stated that ACIP
does not recommend it, but it can be a personal choice so that if someone is at high risk
enough, they could receive the vaccine. The way it was worded suggested that a pregnant or
lactating woman could not get the vaccine even if she wanted it.

Dr. Bell thought there was an argument to be made for making the language parallel to other
relatively new live virus vaccines.

Dr. Eckert (ACOG) encouraged consideration of taking out “non-pregnant, non-lactating” and
placing it below simply because this is not the same risk consideration as if someone contracts
the disease as some of the other live virus vaccines, given that it is so much more harmful to a
pregnant woman and her fetus. She agreed that it would be good to give the pregnant woman a
choice. If she finds herself pregnant in a situation where she is at risk of contracting Ebola, the
fear is that she would lose a choice of whether she could receive this vaccine if the language
remained as presented.

Dr. Cohn reminded everyone that on the adult schedule, live virus vaccines for pregnant women
are “do not give” but it is not in the language of the recommendation exactly.

Dr. Frey asked whether they also wanted to remove “healthy.”

Dr. Poehling agreed that they should mimic the other live vaccines in whatever way that has
been done previously.

Dr. Cohn did not recall that the word “healthy” had been used in prior language, though the word
“immunocompetent” is used in the zoster recommendations.

Dr. Bahta emphasized that if they were going to use the word “healthy” it needed to be put into
context to clarify what they mean.

Dr. Frey recalled that Dr. Talbot mentioned that earlier and the WG would look into what a good
definition would be. Typically, that would refer to people who do not have much in the way of
comorbidities. Usually, having a slight cold would not necessarily preclude someone from
receiving a vaccination.

Dr. Hayes (ACNM) suggested that perhaps instead of “healthy” the word “immunocompetent”
should be used.

Dr. Atmar thought that would be consistent with the way some of the other adult vaccines are
recommended to different groups, so he was going to propose something similar.

Dr. Sanchez agreed that “healthy should be removed, given that they had no definition for it.
Someone with diabetes could be healthy.
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Dr. Frey said she thought there was a special chart for immunocompetent patients, so they
could handle it the same way as is done for pregnant women.

Ms. McNally emphasized that from a consumer perspective, consistency in the
recommendations is important to lead to a clear understanding of how these recommendations
work.

Dr. Romero indicated that the WG would continue to work on the wording during the lunch break
before making a motion and taking a vote.

2"d Vaccination Policy Issue for Consideration: Healthcare Personnel

Dr. Lee noted a discrepancy in the wording in that the handouts provided to ACIP differed from
the language presented in that it no longer stated, “care and transport of confirmed Ebola virus.”

Drs. Choi and Romero clarified that correct language was in the handout, which would be
corrected during the break.

Dr. Cohn clarified that this would be persons identified at a treatment facility identified to be at
risk, not every individual who worked there.

Dr. Hunter observed that perhaps “in the care and transport confirmed Ebola virus” was too
specific of a risk to mention. Just HCP is not specific enough, but there might be more than care
and transport that could pose a risk.

Dr. Atmar pointed out that it would be laboratory personnel who would work in there. Whether
they are considered to be involved in the care directly could be misinterpreted. The intent was
HCP at risk, which would include all individuals surrounding that patient and his or her clinical
specimens (those involved in the direct care, those involved in handling samples, those who
clean the patient’s room, et cetera).

Dr. Choi added that the initial HCP definition had to do with people involved in direct and indirect
patient care, including support personnel as well.

Dr. Frey added that the patient transport staff would be included in the HCP definition provided
that includes examples, so “in the care and transport of confirmed Ebola virus” could be
removed.

The language was revised to read as follows, subsequent to which the discussion continued:

Vote #2 Revised Proposed Language: Pre-exposure vaccination with rVSVAG-
ZEBOV-GP vaccine is recommended for healthy, non-pregnant, non-lactating adults 18
years of age or older who work as healthcare personnel* at a federally-designated Ebola
Treatment Center in the United States who are at potential risk for exposure to Ebola
virus (species Zaire ebolavirus).

Dr. Romero suggested that the same language changes be made for this recommendation as
made in the first recommendation.
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Dr. Atmar suggested adding “and” before “who are at potential risk.”

Dr. Duchin (IDSA) noted that a question arose during the break pertaining to revaccination for
people who have ongoing exposures—not the first responders but the laboratory workers for
example.

Dr. Frey indicated that there is not enough information to recommend to not recommend
revaccination. That question and the available data are being studied by the WG and there will
be a recommendation forthcoming.

Dr. Romero reminded the voting members and audience that the ACIP the right to revisit any
recommendation as new information becomes available, so they can bring this back again.

Dr. Lee requested clarification that for the federally-designated Ebola Treatment Centers, they
were speaking specifically about anyone attached to the unit, including environmental services
and so forth. Looking at the names of the centers, she thinks of the entire institution versus the
specific unit caring for Ebola patients.

Dr. Choi clarified that this does not mean everyone who works at a facility, given that the
facilities treat patients other than Ebola patients. It is intended for people specifically working
with confirmed patients.

39 Vaccination Policy Issue for Consideration: BSL-4 Laboratorians and Support Staff

Dr. Szilagyi said he liked the wording and thought the phrase “who are at potential risk” should
be included in the other two recommendations as well—not just in the framing.

Dr. Frey agreed that this would be a nice solution.
The language was revised to read as follows, subsequent to which the discussion continued:

Vote #3 Revised Proposed Language: Pre-exposure vaccination with r'VSVAG-ZEBOV-
GP vaccine is recommended for healthy, non-pregnant, non-lactating adults 18 years of
age or older who work as laboratorians and support staff at biosafety-level 4 facilities in
the US and who are at potential risk for occupational exposure to Ebola virus (species
Zaire ebolavirus).

Dr. Romero suggested that the same language changes be made for this recommendation as
made in the first and second recommendations.

Dr. Sanchez pointed out that the wording “laboratorians and support staff” may be confusing
since support staff are a different group of people.

Dr. Frey indicated that “support staff” is a catch phrase that specifically would be for people who

would be at risk of contracting infection. Those types of decisions would be made at the level of
the institution, which would define who would and would not be at risk.
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Dr. Choi explained that it is not just laboratorians who work with viruses. The laboratories must
be maintained, so there are people involved in the maintenance of the laboratories who are not
necessarily laboratorians. If they have to enter a BSL-4 laboratory that at some point contained
Ebola virus, they certainly could be at potential risk. Therefore, the WG identified them as
support staff.

Ms. McNally suggested referring to the HCP definition that gives the examples of clerical,
dietary, environmental services, laundry, security, engineering and facilities management,
administrative, billing, and volunteer personnel.

Dr. Frey clarified that the third recommendation focused on BSL-4 laboratories, so this pertained
to laboratorians and their associated personnel not HCP per se. It was not clear to her how to fit
HCP in this definition.

Ms. McNally said she understood that, but some of the people identified as support staff in the
HCP definition were the same and she would like to see consistency in language to the greatest
extent possible.

Dr. Bahta suggested saying “laboratorians and the associated staff” rather than “support staff.”
Support to her is someone who is entering data and did not make her think of someone doing
the housekeeping in that area.

Dr. Atmar suggested “other staff at risk.”
Combined Language for All 3 Populations

Dr. Romero indicated that during the lunch break, the language for the Ebola vaccine
recommendation was combined into a single recommendation. He indicated that they could vote
on the language this way, or vote on each recommendation separately.

Dr. Choi explained that the WG looked back at previous language for other live vaccines, and
found that the terminology used in the recommendation language varied. Therefore, the
decision was made to defer to the FDA indications that state, “adults 17 years of age or older”
with the idea of then discussing pregnancy, immunocompromising conditions, and other
concerns separately in the Policy Note. She presented the following combined option as revised
for ACIP’s consideration:

Pre-exposure vaccination with rVSVAG-ZEBOV-GP vaccine is recommended for adults
18 years of age or older in the US population who are at potential risk of exposure to
Ebola virus (species Zaire ebolavirus) and:
— Are responding to an outbreak of Ebola virus disease; or
— Work as healthcare personnel* at federally-designated Ebola Treatment Centers
in the United States; or
— Work as laboratorians or other staff at biosafety-level 4 facilities in the United
States

Dr. Bernstein suggested changing “and” at the end of the first sentence to “because they.”

Dr. Frey made a motion to approve the language with the idea that it will be corrected for
grammar and punctuation. Dr. Ault second the motion.
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Motion/Vote: Ebola Vaccine

Dr. Frey made a motion to approve the language for the proposed policy as presented, with the
idea that the verbiage would be made grammatically correct prior to publication. Dr. Ault
seconded the motion. No COls were declared. The motion carried unanimously with 14
affirmative votes, 0 negative votes, and 0 abstentions. The disposition of the vote was as
follows:

14 Favored: Atmar, Ault, Bahta, Bell, Bernstein, Frey, Hunter, Lee, McNally, Poehling,
Romero, Sanchez, Szilagyi, Talbot
0 Opposed: N/A
0 Abstained: N/A

For the public record, Dr. Ault reported briefly on the discussion that occurred during the lunch
break. There was a Task Force 10 to 15 years ago to address language around vaccine and
pregnancy as a lead up to the Tdap vaccine and the pandemic occurring at that time. The Task
Force decided to state the data available and tell people what was known and what was not
known. That will apply to the Ebola vaccine as well.

CDC'’s Response to Coronavirus Disease 2019 (COVID-19

Nancy Messonnier, MD

Center Director

National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention

Dr. Messonnier presented an update on CDC’s Response to Coronavirus Disease 2019
(COVID-19). She emphasized that over 800 people at CDC are working on this response, and
that she was pleased to be able to be the person they could spare for a little while to update
ACIP on what is occurring and respond to questions.

As a backdrop to what is occurring with COVID-19, coronaviruses (CoV) are a large family of
viruses that cause respiratory illness. They are named for the crown-like spikes on the surface
of the virus. In general, coronaviruses are a zoonotic disease that is typically spread among
animals and can sometimes jump to people. There are 7 human coronaviruses (HCoVs). The 4
more common HCoVs (HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKUL1) are
associated with a disease spectrum like the common cold. There are 2 other HCoVs (SARS-
CoV and MERS-CoV) with which everyone may be familiar. The newly identified virus is SARS-
CoV-2, which causes coronavirus disease (COVID-19).

The more common HCoVs usually cause mild to moderate upper-respiratory tract infections like
the common cold, but can cause more severe disease such as pneumonia and bronchitis. The
symptoms are the same as would be expected with a viral upper-respiratory tract infection
(runny nose, headache, cough, sore throat, fever, general unwell feeling). Laboratory tests can
be used to diagnose these common HCoVs, but people generally do not test, so they do not
identify it.
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HCoVs spread from an infected person to others through respiratory droplets by coughing or
sneezing; close personal contact, such as touching or shaking hands; and/or touching a fomite
(object or surface) that has the virus on it. These commonly occur in fall and winter, but can
occur year-round. Young children are most likely to get infected. In general, most people will get
infected at least once in their lifetime.

COVID-19 was identified in Wuhan, China in December 2019. Amazingly, within a rapid period
of time of just 2 weeks, it was identified as being caused by a novel coronavirus that was named
SARS-CoV-2. Early on during the first identification of this outbreak in December 2019, many of
the patients were reported to have a link to a large seafood and live animal market. As more
data subsequently became available, it became clear that many patients did not have an
exposure to animal markets. That is both cases that occurred before the large cluster at the
market and certainly the cases after, indicating person-to-person spread. Travel-related
exportation of cases was quickly reported and the first US case was identified on January 20,
2020. CDC is reporting confirmed COVID-19 cases in the US online on the Coronavirus
Disease 2019 (COVID-19) webpage on the CDC website. These numbers are updated every
Monday, Wednesday, and Friday.

The global spread of COVID-19 is actually pretty remarkable. As of February 25", there were
80,413 confirmed cases. This is a map that Johns Hopkins University publishes online, which is
helpful in being able to put this to scale. The map depicts the many countries that have cases.
The majority of cases remain in China, especially in the Hubei Province. Thus far, 2708 deaths
reported from COVID-19:

2/25/2020, 4:33:02 PM i - it )
As of February 25. Source: https://www.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6

In terms of the US, there are 14 COVID-19 cases. Of those, 12 are travel-related. These are
individuals who had direct travel themselves to the affected areas in the Hubei Province. The
other 2 cases are the result of person-to-person spread to close contacts of cases. The total
number of cases confirmed in the US remains at 14, with 445 patients tested. CDC separates
out cases among persons repatriated to the US. After the closure of Hubei Province, a large
number of people were repatriated to the US aboard several airplanes. There are 3 patients with
COVID-19 associated with those repatriations from Hubei. After the outbreak identified on the
Diamond Princess Cruise Ship in Japan, a large number of people were repatriated from that
ship. That has led to 42 cases among Americans in the US repatriated from that cruise ship.
There are additional Americans in Japan who had an exposure associated with that cruise ship,
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and there are additional American patients in Wuhan, China who were associated with
exposures in Wuhan.

A major topic of consideration regards how COVID-19 is spread. Investigations are ongoing to
better understand spread. What it thought at this time is largely based on what is known from
other coronaviruses, as well as the epidemiological data being gathered. In general, the
presumption is that it is spread primarily through close person-to-person contact with respiratory
droplets. There are some data to suggest that at least some minority of cases are exposed by
touching a surface or object that has the virus on it and then touching the mouth, nose, or eyes.

The data available suggest that the early symptoms of COVID-19 are fever, cough, and
shortness of breath as would be expected from other viral respiratory diseases. However, a
wide range of illness severity has been reported from mild to severe disease. As seen from the
numbers, this can result in death. The estimated incubation period is believed to be 2 to 14
days. In the rush to make sure that everyone throughout the world knows information as quickly
as possible, there have been some unpublished reports in the lay literature suggesting longer
incubation periods. The published literature still focuses on 2 to 14 days. Complications can
include pneumonia, respiratory failure, and multisystem organ failure. Certainly, the deaths that
have been reported are more common in people with underlying illnesses and on the older age
spectrum.

In terms of prevention and treatment, there is no specific antiviral treatment licensed for COVID-
19. A variety of products that are licensed for other reasons are being investigated for their
potential role in COVID-19 treatment. In general, the same everyday preventive actions are
recommended that would be utilized for any respiratory disease:

Wash your hands often with soap and water for at least 20 seconds; use an alcohol-based hand sanitizer
with at least 60% alcohol if soap and water are not readily available

Avoid touching your eyes, nose, and mouth with unwashed hands
Avoid close contact with people who are sick

Stay home when you are sick

Cover your cough or sneeze with a tissue, then throw it away
Clean and disinfect frequently touched objects and surfaces

ooooo ©

Because there is no specific antiviral treatment, general treatment for patients has been
supportive care to relieve symptoms and manage pneumonia and respiratory failure. As of that
morning, the US cases have been/are generally doing well. They are on the less severe end of
the spectrum and are recovering. However, several have required oxygen.

CDC has a lot of information online about COVID-19. The website is the place where CDC tries
every day to ensure that the information, guidance, and communication materials are as up-to-
date as possible. The agency has tried to include information that is helpful to every sector of
the community, including public facing materials, materials for providers, and materials for public
health. Information can be located at the following URLSs:

O Latest COVID-19 information for the public (www.cdc.gov/COVID19)
O CDC's travel health notices (wwwnc.cdc.gov/travel/notices)
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CDC is recommending seeking medical care if one feels sick with fever, cough, or difficulty
breathing and have a travel history to China or were in close contact with someone with COVID-
19 in the 14 days before beginning to feel sick. This is the current definition. It is useful to know
that of the 12 patients in the US who had travel-associated COVID-19, many returned to the US
and were asymptomatic upon return. They received information somewhere along their route
that told them this exact information, they followed it, and were diagnosed with minimal
exposure to other people. As the disease continues to spread globally, CDC is certainly
reviewing these case definitions. This is an outbreak for which day-by-day and sometimes many
times a day, there is new information that CDC is synthesizing and incorporating into the
recommendations.

In terms of what CDC is doing, a major part of the early strategy is travel recommendations.
CDC recognizes that any border control strategies are not absolute. The reason for these
strategies is to try to slow entry of this disease in the US, knowing that the borders cannot be
sealed off. There was a Presidential Proclamation suspending entry of foreign nationals who
visited China within the past 14 days into US, exempting immediate family members of US
citizens and legal permanent residents. Enhanced entry screening is being done for anyone
coming in from China through 11 airports.

There are a variety of travel alerts, which include the following:

Level 3 Level 2 Level 1
(Avoid Non-Essential Travel)

China Iran Hong Kong
South Korea Italy
Japan

State and local readiness is a key part of any strategy in terms of preparedness and response,
as it is for everything that CDC does. CDC is dependent upon states for their active monitoring
of health of travelers from China. It is also very important that the state and local health
departments are pivoting to assess state and local readiness to implement community mitigation
measures if these become necessary. They are working to identify and mitigate gaps in
readiness to reduce disease spread while protecting workers, infrastructure, and institutions.
They are also linking public health agencies and healthcare systems to identify and mitigate
stressors to the health system. Even if not in a COVID-19 outbreak, these are still activities that
state and local health departments are already doing. Everything that CDC is doing with states
is built on eons of preparedness work that has been ongoing in states, as well as at CDC.

Engagement with public health and the healthcare sector is important. CDC engages in calls
every day with at least some portion of core public health partners, such as the National
Association of County and City Health Officials (NACCHO), the Council of State and Territorial
Epidemiologists (CSTE), the Association of Public Health Laboratories (APHL), and the
Association of State and Territorial Health Officers (ASTHO). They also are speaking with
multiple subsets of these organizations. There are bi-weekly private sector calls as well. CDC is
also engaged in governmental outreach including Attorneys General, Mayors, and Governors,
all of whom have a stake in this effort. In addition, there are multiple conversations with public
health associations including webinars, podcasts, and conference calls.
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A major part of any strategy to control a disease like this is preparing first responders,
healthcare providers, and healthcare systems. This is a whole of government effort to: 1)
establish plans to understand healthcare use and potential surges; 2) develop guidance on
infection control, hospital preparedness assessments, personal protective equipment (PPE)
supply planning, and clinical evaluation and management; 3) reinforce infection control
principles to ensure that the healthcare practitioners who are treating these patients are kept
safe; 4) leverage existing telehealth tools; and 5) engage supply chain partners to understand
supply usage and needs. Again, a lot of this information can be found on the CDC website.

If this disease continues to spread globally, it is possible that there will be community spread in
the US. As the outbreak has surged in the past week, public health has become increasingly
concerned that at some point in the future, community spread may be seen. It should not be a
surprise with a respiratory viral disease spreading like this that there might be community
spread. What they are asking of folks in the community and family readiness space is to start
preparing for that. While they are not asking anyone to implement changes, they are asking
them to be prepared so that if these changes need to be implemented, people have already had
the conversations. CDC is developing business guidance for public and private sectors
adaptations like telework and flexible sick leave policies. These are the same kinds of things
CDC worked on in the last influenza pandemic, so they have a head start in doing some of this.
The agency is publishing guidance for childcare programs, K-12 schools, and colleges and
universities in case, for example, schools need to be on hiatus at some level. Other countries
have done this. CDC wants schools, systems, and families to have thought in advance about
how this might be implemented. CDC is providing planning guides for use by families,
community- and faith-based organizations, and event planners of mass gatherings. In addition,
CDC believes that it is important to educate communities about non-pharmaceutical
interventions (NPIs).

Work has already begun on vaccines on the fastest possible path. There are multiple vaccine
candidates in the US and globally, including one on which NIH is working. Even as fast as that
possibly could be, the timeline for that is 12 months—optimistically. This makes it even more
important to think through NPIs. If there is indeed broader spread in the US and it is necessary
to implement interventions, social distancing is one of the tools upon which it may be necessary
to rely. This is why CDC has been pushing folks to think in advance about NPIs.

Discussion Points

On behalf of everyone in the room, Dr. Schaffner (NFID) expressed enormous appreciation to
Dr. Messonnier for all the she is doing and the leadership she is providing. This resulted in a
standing ovation for Dr. Messonnier. In terms of testing, Dr. Schaffner conveyed that there is a
desire in the infectious disease community to assist in the diagnosis of cases as early as
possible and everyone would love to start testing more frequently than they are able to now.

Dr. Messonnier responded that they should celebrate the successes and admit the places
where things have not gone as smoothly as they would like. CDC’s partners in China posted the
sequences of the strain within two weeks of public announcement of the outbreak, which is
remarkable. CDC scientists were able to rapidly turn that genetic sequencing data into
diagnostics that were rapidly available in the US under an FDA Emergency Use Authorization
(EUA). This meant that CDC was able to start testing. The first case in the US was identified
with that RT-PCR kit. CDC'’s desire has been to get this test out to its state and local partners as
quickly as possible. In doing that and doing the quality control that would be expected of CDC to
ensure that the test was as perfect as possible, some of the state and local health departments
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ran into problems in terms of assuring quality control. Only 12 state and local health
departments are currently using the test. CDC is moving as quickly as possible in very close
partnership with the FDA to disseminate the test to the rest of the public health laboratories in
the US. To do what Dr. Schaffner is asking and what everyone wants, commercial availability of
these kits is key. It is commercial availability that would provide the tool to a clinician who needs
to test. Certainly, that is everyone’s goal. CDC is working very closely with the FDA to get that
moving forward. That is why right after CDC grew the virus, they put it at the NIH’s BEI
Resources Repository on purpose because the agency wants to facilitate commercial
companies turning the diagnostics into a commercially available product. That is moving as
quickly as the community can make it move. That is never fast enough, but it is their intention.

Dr. Weber (SHEA) suggested that there are two things he thinks CDC can help with, the testing
and PPE, including N95 masks and ventilators, so that they can be prepared in case there are
large numbers of patients. He noted that the University of North Carolina (UNC) has one of the
world’s experts in coronaviruses, Dr. Ralph Baric. UNC has already developed its own test that
is sensitive and specific, and has been approved by the county health director, state
epidemiologist, and the health department. They plan to begin testing using it as a research test
and sending parallel tests to CDC. This would allow them to treat a person as a suspect case
and protect their health care personnel and the community pending the CDC test. Based on the
recent FDA communication, their laboratory directors feel that they are unable to use that test.
They did develop their own test for SARS, MERS, and 2009 novel influenza. He expressed
hope that CDC would get the FDA to allow UNC to begin using the test on a research basis until
CDC pushes their tests out. They do not know what is in the Strategic National Stockpile (SNS).
They know that for N95 respirators, they need to train people per Occupational Safety and
Health Administration (OSHA), and train respiratory therapists if ventilators are needed.
Realizing that it may not be prudent to release all of the numbers about where they are stored
and how much, it would at least help if states knew what is stored so that they can be prepared
with trained people if they need that equipment as opposed to reading manuals the day it
arrives.

Dr. Messonnier responded that FDA has oversight over the diagnostic tests. She inquired as to
whether the FDA liaison were equipped to speak to that. She emphasized that it was well-heard
and their FDA colleagues are in lock-step with CDC in trying to resolve this problem. In terms of
the second question, the SNS is not a CDC resource. It belongs to the Assistant Secretary for
Preparedness and Response (ASPR), so she could not speak directly to that question.
However, this issue is a major focus of CDC’s preparedness activities. The importance of PPE
to protect the healthcare sector is vitally important to CDC. There is guidance on the website
that focuses on the use side. If they have models of a prolonged outbreak, which they do, there
is a potential to have supply issues. It really depends upon how long an outbreak lasts and the
severity. CDC is asking the healthcare sector now to use the CDC guidance to think through
how they might be sparing of those resources in the eventuality that they might be needed later.

Dr. Fink (FDA) said he wished he was equipped, but the testing is under a different center
entirely.

Dr. Maldonado (AAP) echoed the sentiments regarding the laboratory tests. Stanford also has a
PCR that looks pretty sensitive and specific and they are just waiting to be able to use it. The
reason that is important is that right now, they are doing well even in California where a number
of people are coming in from the Pacific Rim area. If they think that there may be other places
where screening needs to be done, there may wind up a surge in the hospital. While they can
handle this, as with 2009 H1NZ1 it will be difficult to cohort patients together if it is not clear how
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to separate them, and this could result in more transmission. Given there is a Level 2 travel
advisory now for Iran, Italy, and Japan, university students are coming back and people wonder
whether they should be treated with self-isolation. They are doing that for healthcare workers
who have returned from South Korea. The question remains whether isolation should be
recommended for Level 2 and wondered whether updates would be coming soon about what is
going to occur in Europe.

Dr. Messonnier emphasized that this is proceeding in real-time. It has been only 2 months and
there is not enough of a track record of this pathogen. Everything they are learning is in some
ways new. While they can base information on what they have learned from other viruses,
everything that is being learned must be considered, synthesized, and tracked to determine how
it impacts the response. Right now, CDC is not recommending that travelers from Italy be
treated that way because widespread transmission has not been shown. CDC and CSTE are
struggling together regarding the question of what the definition is for “persons under
investigation (PUI).”

Dr. Hahn (CSTE) emphasized that things are changing very fast. One discussion regards the
increasing number of countries being added into the higher levels, which is changing daily, and
the fact that there is no way public health can track everyone coming back from Europe. It will
become untenable at a certain point to track travelers. As they all work together, they probably
will make a plan to have a lower level for other countries as they come on board. Public health
simply cannot maintain and track those. Very robust conversations are underway with regard to
moving into Phase 2 of the response and the realization that the virus cannot be kept out. She
expressed hope that in the next couple of days, there would be some reflections on the CDC
website about some of the decisions being made.

Dr. Messonnier expressed appreciation for everyone’s support, as many have been planning for
a pandemic for their entire careers. That planning is exactly what CDC is depending on, and is
equally depending on all of the sectors of the healthcare community that they have all built
relationships with and worked with for many years. This is a setting in which it is going to take
the entire village to be able to respond. They need to prepare for something serious. Of course,
they are all going to hope that this is not what comes to pass. But, it really is the community of
everyone that will get the US ready.

Dr. Bernstein stressed that Dr. Messonnier is spearheading a truly impressive effort by CDC in
such an amazingly short timeframe. The knowledge and experiences from past pandemics
seem to be helping guide emergency readiness preparation that is making a huge difference in
informing and educating the public in the US and around the world. He expressed gratitude to
Dr. Messonnier and the hundreds of CDC personnel for their ongoing job well done. He thinks
this has only just begun and a lot more will unfold as time goes on.

Dr. Messonnier closed by saying that she happens to be the most visible face at the moment,
but the entire leadership of the agency is at the table working on this. CDC’s Incident Manager
is Dr. Dan Jernigan who many know as the Flu Czar. They are drawing upon the entire
expertise of the agency, so this is pulling everyone in together to make this work.
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Influenza

Introduction

Robert L. Atmar, MD
Chair, Influenza Work Group
Baylor College of Medicine

Dr. Atmar reminded everyone that during the October 2019 ACIP meeting there was an
overview of early 2019-2020 season influenza activity; a presentation from Sanofi Pasteur of a
pre-licensure study of quadrivalent high-dose inactivated influenza vaccine (I11V), Fluzone® High-
Dose Quadrivalent, which was subsequently licensed by FDA on November 4, 2019; and a
discussion of a planned systematic review of influenza vaccines for older adults.

Since October 2019, the WG heard a presentation and discussion of preliminary safety results
from a comparative study of adjuvanted and high-dose inactivated vaccines among persons 65
years of age and older; heard a presentation from Seqirus™ of a pre-licensure study of
guadrivalent adjuvanted inactivated influenza vaccine, FLUAD® Quadrivalent that was licensed
by FDA on February 21, 2020; and discussed selection of efficacy/effectiveness and safety
outcomes for review of influenza vaccines for older adults.

The agenda for this session included the following presentations:

Older Adult (65+) Adjuvanted Quadrivalent Influenza Vaccine (allvV4) Phase Il Trial
2019-20 US Influenza Surveillance Update

Interim Estimates of 2019-20 Seasonal Influenza Vaccine Effectiveness against Medically
Attended Influenza from the US Flu VE Network

Safety of Adjuvanted vs. High-Dose Inactivated Influenza Vaccines in Older Adults:
Preliminary Safety Results

Summary and WG Considerations
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Older Adult (65+) Adjuvanted Quadrivalent Influenza Vaccine (allV4) Phase lll Trial

Gregg C. Sylvester, MD, MPH
Medical Affairs
Seqirus™ A CSL Company

Dr. Sylvester expressed gratitude for the opportunity to present the results of the pivotal Phase
1l trial evaluating the efficacy of the Seqirus™ adjuvanted quadrivalent influenza vaccine
(allv4), also known as FLUAD® Quad. This vaccine is now licensed in the US for persons 65
years of age and older.

In terms of background, MF59® adjuvanted trivalent influenza vaccine (allV3) or FLUAD®
Trivalent was licensed based on immunogenicity criteria and has been in use for over 20 years.
It was first licensed in Europe in 1997 and FLUAD® Trivalent was approved by the FDA in
November 2015 for US in individuals 65 years of age and older. Several effectiveness studies
have been conducted with FLUAD® Trivalent and have provided evidence of clinical benefit
compared to standard influenza vaccines!. Because FLUAD® Trivalent was licensed under an
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accelerated pathway with the FDA using immunogenicity results, there was a post-marketing
commitment to conduct an efficacy trial. Seqirus™ negotiated with the FDA to fulfill this post-
marketing commitment with a trial using the quadrivalent instead of the trivalent, which Dr.
Sylvester presented during this session [*Mannino S, et al. Am J Epidemiol. 2012;176:527-533;
2van Buynder PG, et al. Vaccine. 2013;31:6122-6128; 3Lapi F, et al. Expert Rev Vaccines. 2019
Jun;18(6):663-670; and “Peabody R, et al. Vaccine. 2019].

The trial was an absolute efficacy study in subjects 65 years of age and older conducted over 2
consecutive influenza seasons, one in the Northern Hemisphere for the 2016-2017 season and
the other in 2017 in the Southern Hemisphere. It is important to note that the predominant
circulating strain during the study period was A/H3N2. Over 6600 subjects were randomized 1:1
to receive 0.5-mL of FLUAD® Quad or a non-influenza comparator, the combination vaccine of
tetanus, diphtheria, and acellular pertussis (Tdap/Boostrix®). This was a multi-center study
conducted in 12 countries (Bulgaria, Colombia, Czech Republic, Estonia, Latvia, Lithuania,
Malaysia, Philippines, Poland, Romania, Thailand and Turkey).

The study was case-driven. To analyze the results, at least 238 PCR-confirmed cases were
needed to demonstrate the primary endpoint of the study, which was the efficacy of PCR-
confirmed influenza regardless of the match of the virus with the vaccine strain and with a lower
bound of the 95% confidence limit of >40% as negotiated with Center for Biologics Evaluation
and Research (CBER). Secondary endpoints included efficacy against strains antigenically
matched to the vaccine strains for those isolates that were culture-positive with the same lower
bound of >40%. A subset of participants also were evaluated for immunogenicity in both vaccine
groups by hemagglutinin inhibition (HI) assay 3 weeks after vaccination. The primary safety
objective was to evaluate the safety of FLUAD® Quad through the assessment of local and
systemic solicited and unsolicited adverse events for the entire study period up to one year.

This was a randomized observer-blinded study in which the two treatment groups were well-
matched demographically. The majority were between the ages of 65 and 75 years of age.
Given the countries where the study was performed, 80% of the subjects self-reported either
being white or Asian. The comorbidity score is based upon a published paper by Hak et al in
which a comorbidity score of <50 is predictive of a lower risk of influenza-related complications
[Hak E, et al. J Infect Dis. 2004 Feb 1;189(3):450-8].

In terms of the subject flow for the study, over 6600 subjects were randomized 1:1 as noted
earlier to receive 0.5-mL of FLUAD® Quad (n=3394) or Boostrix® (n=3396). Blood samples from
approximately 2800 subjects were collected at Day 1 to baseline and Day 22 for immunogenicity
assessment. As mentioned earlier, the primary endpoint was absolute VE against PCR-
confirmed influenza due to any strain and the secondary endpoint was Absolute vaccine efficacy
against culture-confirmed influenza due to strains antigenically matched to the vaccine strains.

Regarding the immunogenicity results, FLUAD® Quad elicited good Hl titers for all strains.
Between 60% to 85% of the subjects achieved at least a 4-fold rise in titers, and 80% of the
subjects demonstrated titers of 21:40 for HI, which satisfied the CBER criteria for
immunogenicity for all 4 strains.

In terms of case accrual, there was active surveillance for influenza. All subjects were contacted
weekly for 6 months or until the end of the influenza season, whichever was longer, to assess
influenza-like illness (ILI) symptoms. The purpose of the active surveillance was to trigger a visit
to collect a nasopharyngeal swab at or near the onset of these defined symptoms. Cases also
were evaluated based on different definitions of ILI, for which the primary study endpoint was “at
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least one respiratory and at least one systemic symptom” and the secondary endpoint was
“>37.2 °C + cough/sore throat.” These two definitions were included as part of the protocol. Two
additional definitions were added post-hoc: “237.8 °C + cough/sore throat” and “>38°C +
cough.” The main differences between these definitions were the subject’s temperature and the
presence of symptoms more specific for influenza moving from the primary and secondary
endpoints through the two post-hoc definitions.

In terms of the ILI case accumulation for each of the 4 definitions, moving from the primary,
secondary, and post-hoc analysis definitions, the number of ILI cases decrease. However, the
proportion of those cases that were PCR-confirmed increases—Iless sensitive, but more specific
for influenza. It is interesting to note that the number of cases that were similar to the vaccine
strain were less than 10%, meaning that 90% of the cases were dissimilar to the vaccine strain.

Regarding the primary endpoint of the study, PCR-confirmed influenza regardless of strain. The
protocol-defined ILI definition showed an efficacy of about 20% with the lower bound of the 95%
confidence interval at >40%, which is a non-significant result per CBER criteria. As the ILI
definitions increases in specificity for influenza, the efficacy increases up to 50%. For strains
similar to the vaccine, the range of the VE was much higher at 50% to 75%. With so few cases
that matched the vaccine strains, the confidence limits are extremely wide and it is necessary to
be cautious about drawing inferences from these data.

In terms of safety, local AEs were recorded within the first week. The FLUAD® Quad arm had
higher rates compared to the Boostrix® Tdap arm. These events were mostly mild to moderate
and self-limited. The most commonly reported local solicited AE was injection site pain.
Administration of FLUAD® Quad also was associated with higher rate of frequency of the
systemic solicited AEs within the first week of the study compared to the control vaccine. The
most frequent reported systemic AEs in both groups were headache, fatigue, myalgia, and
arthralgia. Severe systemic solicited AEs were uncommon and varied between 0% to 1.1% of
subjects in the FLUAD® Quad group and 0.2% to 0.6% of subjects in the Boostrix® group.

During a 1-year follow-up, there were no differences between the vaccine groups and the
percentage of any of the unsolicited SAEs, unsolicited AEs leading to death, unsolicited AEs
leading to premature withdrawal from the study, any new onset of chronic diseases (NOCD) and
adverse events of special interest (AESI). Two subjects reported SAEs that were assessed to
be related to the study vaccine, one with rheumatoid arthritis (RA) in the FLUAD® Quad group
and the other with a mild cardio infarction in the Boostrix® Tdap. The RA case was assessed by
the investigator to be related to the study vaccine. There were no deaths related to the vaccine.

As mentioned earlier, the primary endpoint of the study (PCR-confirmed influenza) showed a VE
of 20%, a non-significant result. As the ILI definition became more specific, including higher
levels of temperature, the efficacy increased up to 50%. To provide some context to these
results, Dr. Sylvester shared VE data during the time period this study was conducted. There
have been multiple published test-negative design studies from the Northern and Southern
Hemispheres showing fairly low VE in subjects 65 years of age and older at about 20% against
all strains. In Europe, overall VE was 38% and VE in those 65 years of age and older was 23%.
In the US, overall was 40% and in those 65 years of age and older was 20%. In Australia,
overall was 33% and in those 65 years of age and older was -12%.

With regard to the study limitation, the study was relatively short at a little over a year over the

two seasons and was dominated by H3N2 circulating strains. There was a wide range of

circulating antigenically and genetically different strains of influenza A/H3N2. As noted earlier,
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over 90% of the culture-confirmed influenza isolates were antigenically different from the strains
in the vaccine. In the demographics, the study population was relatively healthy.

In conclusion, FLUAD® Quad elicited a robust immune response for all 4 strains, satisfying the
CBER criteria for immunogenicity. The FLUAD® Quad VE results were 19.8% to 51% depending
upon the ILI definition and symptomatology. FLUAD® Quad had an expected and acceptable
tolerability profile similar to FLUAD® Trivalent vaccine. FLUAD® Quad received FDA licensure
on February 21, 2020.

Discussion Points

Referring to Slide 15 and the increasing efficacy, Dr. Talbot said her suspicion was that the
increasing temperature requirement was dropping off the old of the old. In addition, she noted
that Slide 26 appeared to refer to the world’s circulation, and wondered what the Seqirus™
sequencing data looked like.

Dr. Sylvester said that others have made this observation. They looked at the difference in the
two age groups to see if there was a difference, but there was not. He indicated that Slide 26
was his back-up slide and is larger data, not US data. Regarding the Seqirus™ sequencing
data, they showed only 10% matching so they do have a wide variety. However, he did not have
a graph similar to the back-up slide for the world circulation. While he did not have any clinical
guantification with him, he indicated that he would find out whether his clinical colleagues could
provide that.

Dr. Atmar asked whether the patient with RA in the FLUAD® Quad group was in the
immunogenicity subgroup and, if so, whether the pre-vaccination sera were evaluated for
markers of RA.

Dr. Sylvester responded that the diagnosis was made 7 months and 1 week after the individual,
a white male 65 years of age, received the vaccine. He will check to find out whether this patient
was part of the blood drawing group.

Dr. Whitley-Williams (NMA) observed that it was disappointing that there were almost no African
American or Black populations involved in the study. Given the diversity of this country, the
persons who would be eligible for this vaccine, and the health disparities that exist, particularly
with influenza vaccine and complications, it is disappointing that there were not efforts to include
more of the Black population.

Dr. Sylvester agreed and indicated that moving forward, they are trying to elicit either countries
or populations in the US to be able to have a representative sample.

2019-20 U.S. Influenza Surveillance Update

Lynnette Brammer, MPH
National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention

Ms. Brammer presented surveillance data from the 2019-2020 influenza season, which was
another busy and unusual influenza season. The update she provided represented date through
Morbidity and Mortality Weekly Report (MMWR) Week 7, which was the week ending February
14, 2020. Based on information from US clinical laboratories, influenza B viruses were
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predominant early in the season and influenza A viruses increased as the season progressed.
As of Week 7, 29.6% of specimens during that week were positive for influenza and 63.5% were
influenza A viruses. Based on the more detailed data from US public health laboratories, 64.9%
reported were influenza A during Week 7. That proportion has been increasing. For the season
overall, influenza A was a little over 50%. Among the influenza A viruses during Week 7, 96%
were influenza A(H1N1)pdmO09 viruses. For the season overall, that proportion is 91%. Among
the influenza B viruses, the vast majority have belonged to the B(Victoria) lineage at 98%.

Outpatients visits for ILI went above baseline for the first time during the week ending November
9, 2019 and have been above baseline for 15 weeks. There have been 2 peaks. The first
occurred during the last week of 2019, with 7.1% of patient visits being for ILI. The second
slightly smaller peak occurred during Weeks 5 and 6, which were the last week of January and
first week of February when 6.7% of patient visits were for ILI. Based on the state-level ILI data
for Week 7, 44 states, New York City (NYC), and Puerto Rico (PR) were still experiencing high
levels of ILI similar to the previous week and only 1 state lower than the peak during Week 5.
There was a lot of ILI.

Looking at the overall hospitalization rate, during Week 7 that cumulative rate had risen to 47.4
influenza laboratory-confirmed hospitalizations per 100,000 population. Compared to other
years, it is higher than some but not particularly high at this point. The rate of hospitalizations for
persons 65 years of age and older was 116.7, which is relatively low compared to other
seasons. However, the picture is very different for children. Among children 0 to 4 years of age,
the cumulative rate thus far is 72.5 per 100,000. This is above what was observed at the end-of-
season for both 2017-2018 and 2018-2019 and just below the same week during the second
wave of the 2009 pandemic. Children 5 to 17 years of age were higher than any other seasonal
influenza season at this point in time and approaching the 2017-2018 and 2018-2019 end-of-
season rates, but still well below the pandemic rate.

Adults 18 to 49 years of age also have relatively high hospitalization rates. Their rate for Week 7
is higher than for any other seasonal influenza season, but is still somewhat below the 2017-
2018 season, which was their high season. Adults 50 to 64 years of age are starting to look
more like adults 65 years of age and older, with hospitalization rates well below the 2017-2018
and 2018-2019 seasons.

In terms of pneumonia- and influenza-associated mortality from the National Center for Health
Statistics (NCHS), pneumonia and influenza mortality has been relatively low this year. Mortality
has been above the threshold for only 3 weeks, and the amount above the threshold has been
fairly small. The peak thus far was 7.5% during the first week of 2020 compared to the threshold
of 7.0%. However, looking at influenza-associated pediatric deaths, the picture is different. Thus
far this year, there have been 105 influenza-associated pediatric deaths. Unfortunately, it does
not look like the rate of reporting of those deaths is slowing at this point. Among children for
whom CDC has information, 72 of those deaths were due to influenza B viruses. All 12 that
were lineage tested belonged to the B(Victoria Lineage). There were 33 influenza A deaths. Of
those, 19 that were subtyped were H1 and 1 was subtyped as H3. Typically, about 20% of these
children are vaccinated against influenza. This year is running about the same or somewhat
lower.
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With regard to impact overall, this is CDC’s second year of providing weekly burden estimates
as the season progresses. Between October 1, 2019 and February 15, 2020, CDC estimates
that there have been at least 29 million influenza illnesses, 13 million medical visits for
influenza, 280,000 hospitalizations, and at least 16,000 deaths due to influenza.

Regarding the viruses that have circulated this season, all 563 influenza A(H1N1)pdmOQ9 viruses
tested belong to genetic group 6B.1A. There is some genetic diversity within this subclade. All
74 A(H1N1)pdmO9 viruses antigenically characterized using a HI assay with ferret antisera were
similar to the cell culture-propagated A/Brisbane/02/2018-like reference virus representing the
2019-20 Northern Hemisphere vaccine component. Of the influenza A (H3N2) viruses, 365 of
381 (95.8%) belong to the 3C.2al subclade and 16 (4.2%) belong to the 3C.3a clade. This was
the clade that emerged last season and became predominant by the end of the season.
Although the majority of the viruses belonged to the 3C.2al subclade, 31 of 72 (43.1%) of the
A(H3N2) viruses antigenically characterized by FRA were well-inhibited by ferret antisera raised
against A/Kansas/14/2017 (3C.3a), a cell-propagated reference virus representing the A(H3N2)
component of 2019-20 Northern Hemisphere influenza vaccines.

Two genetic groups of B/Victoria lineage viruses are co-circulating, V1A.1 and V1A.3. Of the
B/Victoria lineage, 50 of 655 (7.6%) viruses belonged to the V1A.1 subclade, which is the virus
with a 2-amino acid deletion. The remaining 605 belonged to the V1A.3 subclade, which had a
3-amino acid deletion. The B/Colorado/06/2017 reference virus representing the B/Victoria
lineage virus in the 2019-2020 Northern Hemisphere vaccines belongs to the V1A.1 subclade.
Again, even though the majority of the viruses are in a different genetic group from the vaccine,
53 of 88 (60.2%) of the B/Victoria lineage viruses antigenically characterized by HI using ferret
antisera were similar to the cell-propagated B/Colorado/06/2017-like V1A.1 reference virus. This
again indicates that there is cross-reactivity between these genetic groups among the B/Victoria
similar to the H3N2 viruses.

All B/Yamagata lineage viruses tested belong to a single genetic group, Y3, of which very few
were seen this season. All influenza B/Yamagata-lineage viruses antigenically characterized are
similar to cell-propagated B/Phuket/3073/2013 (Y3), the reference vaccine virus representing
the influenza B/Yamagata-lineage component of the 2019-2020 Northern Hemisphere
guadrivalent vaccines.

The WHO Consultation on the Composition of Influenza Virus Vaccines for Use in the 2020-
2021 Northern Hemisphere Influenza Season is taking place February 24-28, 2020. That will be
announced on February 28™ and will be followed on March 4, 2020 by a meeting of FDA'’s
Vaccines and Related Biological Products Advisory Committee Meeting (VRBPAC), who will
make the US-specific recommendations for next season’s vaccine.

In summary, influenza activity remains elevated. Influenza B/Victoria lineage viruses
predominated early in the season, but A(H1N1)pdmOQ9 viruses have increased in recent weeks.
For the season overall, approximately equal numbers of B/Victoria and A(H1N1) have been
reported. Overall severity has been low, but hospitalization rates among children and young
adults have been high. So far, 105 influenza-associated deaths in children have been reported.
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Interim Estimates of 2019-2020 Seasonal Influenza Vaccine Effectiveness
Against Medically Attended Influenza from the US Flu VE Network

Brendan Flannery, PhD

Epidemiologist, Influenza Division

National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention

Dr. Flannery shared the following table to connect the genetic strains together with the names of
the 2019-2020 Northern Hemisphere influenza vaccine components:

A(H1IN1)pdmO09 A/Brisbane/02/2018 (6B.1A)
A(H3N2) A/Kansas/14/2017 (3C.3a)
B Victoria B/Colorado/06/2017 (V1A.1)
B Yamagata B/Phuket/3073/2013 (Y3)

He presented data from the 5 US Flu VE Network sites with which CDC has cooperative
agreements. The sites and Principal Investigators (PIs) are as follows:

Baylor Scott and White Health (Manju Gaglani)

Kaiser Permanente Washington (Mike Jackson & Lisa Jackson)
Marshfield Clinic Research Institute (Ed Belongia & Huong McLean)
University of Michigan (Arnold Monto & Emily Martin)

University of Pittsburgh (Rick Zimmerman & Tricia Nowalk)

o000

The methods are the same as have been used previously for the interim estimates. As a
reminder, the case definition includes acute respiratory illness with a cough, so it is a more
sensitive case definition for surveillance than the CDC ILI definition that includes fever. The
clinics in these sites enroll outpatients >6 months of age with acute respiratory illness with
cough <7 days duration. The data for this presentation included enroliment between October 23,
2019 through January 25, 2020. The test-negative design used compares vaccination odds
among influenza RT-PCR positive cases and RT-PCR negative controls. The vaccination status
for these interim reports is based on receipt of at least one dose of the current season’s
vaccine. Vaccination status is determined based on a combination of medical records,
immunization registries, and/or self-report. They do not have data on vaccine type-specific VE,
but will have this at the end of the season when these documented records are all available.
They can say that the vast majority of the vaccinated people in this dataset have received some
type of injectable inactivated vaccine and not live attenuated influenza vaccine (LAIV). Fewer
than 10 children in this dataset received LAIV, so there are no estimates for LAIV at this time.
The adjusted estimates include study site, age, sex, self-rated general health status,
race/Hispanic ethnicity, interval from onset to enroliment, and a 2-week interval for calendar
time.

There were 4112 participants enrolled from October 23, 2019 through January 25, 2020 at 52
clinics at 5 sites. About 1060 (26%) tested influenza RT-PCR positive and about 3052 (74%) in
the control group test influenza RT-PCR negative. The distribution, type, and subtype are shown
in the following pie graph:
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As Ms. Brammer showed earlier, at the beginning of the seasons more B/Victoria was
circulating than H1N1. Since that time, there has been more H1N1 than B/Victoria. Those
continue to be the predominant influenza viruses circulating in the VE Network sties.

As a reminder, the enrolled participants are people presenting with acute respiratory illness
(ARI) of all ages. Laboratory-confirmed influenza accounts for more than 40% of all ARI in these
clinics during the peak of the season. They are maintaining about 40% positivity for enroliment
currently.

In terms of the overall VE against any influenza, about 37% of the influenza positives were
vaccinated and about 55% of the influenza negatives were vaccinated. The unadjusted estimate
was 53%. After adjustment, the overall VE of this interim estimate is 45% with a confidence
interval from 36% to 53%. Some age group difference is observed in VE. The estimate for those
18 to 49 years of age is 25%. All 3 age-specific estimates are statistically significant.

The overall estimate for B/Victoria was 50%, the 6 months to 17 years of age estimate was
56%, and the 18 years of age and older estimate has been combined because there were too
few cases in the 50 year of age and older group to separate that out. There really is a shift in the
age distribution of influenza B at the study sites toward the younger population. The estimate in
those 18 years of age and older was somewhat lower at 32%, but was still statistically
significant. In terms of some of the sequencing that has been done for viruses that are collected
from the Flu VE Network. Out of the 670 influenza positives, 262 B/Victoria viruses have been
sequenced. Among those, 256 (98%) V1A.3 (2020 S. Hemisphere vaccine component, which is
not the genetic group V1A.1 in the current vaccine.

Regarding H1N1-specific VE, overall VE was 37% with confidence intervals from 19% to 52%.
The age-specific estimates show a great deal of difference from two significant estimates of
51% in the 6 month to 17 years group and 50% in the 50 and older group. However, VE was 5%
and not significant for those 18 to 49 years of age. The data from sequencing is not very
informative in that at this level, the sequencing identified 94 (100%) of the HLN1 viruses from
the Flu VE Network as belonging to the vaccine genetic group 6B.1A. There has been some
variety in the HIN1 viruses that are circulating. It is unknown whether that is related to the lower
VE among those 18 to 49 years of age at this point.
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These data from the US were published the week before this meeting in the MMWR. In
Eurosurveillance during the same week, CDC's colleagues from Canada presented the VE
estimates for the 2019-2020 seasons for Canada. The vast majority of their estimate for
influenza B, which includes all influenza B, are B/Victoria. Canada’s estimates are slightly higher
than the US estimate for influenza B, but are comparably reassuring in that the vaccine in
Canada does seem to provide protection against the majority B/Victoria virus that is the triple
deletion and not the virus that is in the Northern Hemisphere vaccine formulation. The second
piece of data from Canada is that they did have enough H3N2 in their surveillance network to
provide an All Ages and a 20-64 year old estimate. The main H3N2 virus, like in the US, is not
the subclade or clade that is in the vaccine, the 3C.3a. As in the US, Canada is seeing a
majority of 3C.2al virus. Again, this is evidence that vaccine is providing some protection
despite circulation of virus that is actually different from the genetic group that is in the vaccine.
The H1N1 estimates that differ in Canada from what is observed in the US Flu VE Network at
this point is that their All Ages estimate is 44%, which is very similar to the US All Ages
estimate. The estimate for 1 to 19 year olds 63% and for 20 to 64 year olds is 39%, which
although slightly lower than in previous seasons in Canada in the 1 to 19 year olds is higher and
statistically significant than what is seen in the US Flu VE Network [Skowronski et al,
Eurosurveillance 21 Feb 2020. www.eurosurveillance.org].

The other thing to put this into context is the pyramid from the website that shows over the past
10 years or since the pandemic, the number of deaths hospitalizations, and ilinesses that occur
in each influenza season. The higher limits are from the 2017-2018 season shown in the table
on the right. The last season had 35 million estimated illnesses, almost half a million
hospitalizations, and 34,000 deaths. The deaths, hospitalizations, and cases averted by
vaccination last season were published in January 2020 by Chung et al in Clinical Infectious
Diseases. End-of-season VE for the 2018-2019 season was around 26%. There was very low
effectiveness against H3 that predominated for half of the season. Despite that disappointingly
low effectiveness, the deaths, hospitalizations, and cases averted are still substantial. Estimates
from the 2019-2020 season are expected sometime in Fall 2020.

In summary, the interim estimates from the 2019-2020 season indicate that vaccination reduced
medically-attended illness due to any influenza virus type by 45% (ClI: 36 to 53) based on
enrolliment through January 25, 2020. Encouraging signs are seen of VE of 55% against any
influenza in children who have been hit particularly hard by influence this season. Vaccination
provided 50% (CI: 39 to 59) protection against the predominant influenza B/Victoria virus (clade
V1A.3). Overall effectiveness against HIN1pdm09 was 37% (CI: 19 to 52). As HIN1pdmO09
circulation has increased since January 2020, increased enrollment is expected to improve the
precision of age-specific estimates later in the seasons.

Discussion Points

Regarding the test negative design, Dr. Lee asked whether the reason for the lower
effectiveness rate in the 18 to 49 year olds had anything to do with household vaccination rates
in terms of whether they know if these are parents of children who were vaccinated, which
somehow may influence the estimates for that age group. In addition, she wondered whether
infant deaths looked similar to prior years in which approximately 50% of the infants were
completely healthy and whether there was any information about comorbidities.
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Dr. Flannery responded that the test negative design does not really account for indirect effects,
and indirect effects are relatively hard to measure. It is a pretty good design for individual effects
of the vaccine. The main reason for the test negative design is to control for differences in the
population in health-seeking behavior among those who are vaccinated and those who are not
vaccinated. If there is individual protection of influenza vaccine, it should be seen with this
design even if there is a large indirect effect if that age group is having more exposure to young
children or where the vaccine is less likely to work because they have some intense exposure.
Just to put this in perspective for last year's HLIN1 estimates, good effectiveness was observed
in that same age group. There was a change in the vaccine virus and in what was circulating,
but there was effectiveness of HLN1 for last year’s vaccine at this time, which is not seen this
year.

Ms. Brammer indicated that this year is similar in terms of infant deaths in that 53.5% of the
infants had no previous medical conditions.

Dr. Bernstein asked whether there was an explanation for the fact that the B/Victoria strain in
circulation is not matching the vaccine strain well, yet VE in children was 55% in the younger
age group.

Dr. Flannery clarified that the point he did not make in the presentation was that the B/Victoria
VE this season with the difference in the genetic group of what is circulating from what is in the
vaccine is similar and in the same range of VE that has been seen against B/Victoria in seasons
where it has been well-matched. It is difficult when it is said not to be matched, because that is
usually based on antigenic differences. As Ms. Brammer showed, the antigenic differences are
not so clear in the comparison. The majority of viruses that have been antigenically
characterized, or 60%, still show as similar to the vaccine virus. There is obviously some cross-
reactivity, which is good news for children. It is somewhat surprising that the VE against
B/Victoria is as high as it is in children with both the severity of the season and the vaccine
being different from what is circulating. At this point, it is reassuring that the vaccine is providing
protection. Low VE cannot be said to be contributing to the particularly bad season that is
occurring, given that some protection is being seen.

Dr. Frey asked how many of the children who died were vaccinated.

Dr. Brammer indicated that among the children who died, the vaccination rate is very similar to
what has been seen in previous seasons in which only about 20% of the children are
vaccinated. Through Week 7, with the limited information CDC has, it is 16.6% so far this year.

Safety of Adjuvanted vs. High-Dose Inactivated Influenza
Vaccines in Older Adults: Preliminary Safety Results

Kenneth Schmader, MD
Duke University Medical Center

Dr. Schmader presented the preliminary results of the study of the safety of adjuvanted versus
high-dose 11V in older adults. He noted that this work was supported by CDC through the
Clinical Immunization Safety Assessment (CISA) Project in collaboration with Duke University
Medical Center (Lead Site), Boston University Medical Center (Contributing Site), and Cincinnati
Children’s Hospital Medical Center (Contributing Site, Boston University Sub-Contract). He also
noted that the findings and conclusions in this presentation were those of the presenter and do
not necessarily represent the official position of CDC.
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In terms of the rationale behind the study to prevent influenza in older persons, ACIP
recommends vaccination with any US-licensed, age-appropriate influenza vaccine. The trivalent
high-dose (HD-11V3; Fluzone® High-Dose) and adjuvanted (allV3; FLUAD®) influenza vaccines
are licensed for use only in persons aged 65 years and older in the US and may have improved
effectiveness compared to standard dose (SD)-11V3. Therefore, clinicians and patients have an
important choice to make. Important factors in making that choice are safety and reactogenicity.
However, the safety of HD-11V3 and allV3 has not been compared directly head-to-head in the
same clinical trial in the US. Furthermore, the relative impact of HD-IIV3 and allV3 reactions on
health-related quality of life (HRQOL) has not been studied. That is a novel component of this
study.

The first primary study objective was to compare the proportions of moderate-severe injection-
site pain after allV3 and HD-IIV3. This was selected as a primary objective because injection-
site pain likely would be causally related to the vaccine, and pain that is moderate (defined as
some limitation in normal daily activities) or severe (defined as completely unable to perform
normal daily activities) are obviously clinically meaningful. The hypothesis was that the
proportion of subjects who have moderate-severe injection-site pain within the first week post-
vaccination will be non-inferior (not higher) for allV3 compared to HD-IIV3. The rationale for the
non-inferior analysis lay in the fact that the adjuvanted vaccine was licensed in 2015 as the first
adjuvanted influenza vaccine used in the US; whereas, HD-1IV3 was selected as a comparator
because it had been licensed in the US since 2010 and at the time of the study was in wide use.
There was substantive evidence supporting its safety. The co-primary study objective was to
compare SAEs and adverse events of clinical interest (AECI) after allV3 and HD-11V3 in the
study population and by age-groups of 65-79 years and 280 years. Due to time limitations, Dr.
Schmader presented on the results for the full study population, not the age group analysis. The
secondary endpoints were to: 1) compare the proportions of local and systemic reactions (other
than moderate-severe injection-site pain) after allvV3 and HD-IIV3 in the full study population
and by age group (65-79 years and =80 years); and 2) describe and compare change in
HRQOL after allv3 and HD-11V3 in the full study population and by age group.

In terms of the study design and participants, this was a randomized, blinded clinical trial of
allV3 versus HD-IIV3 during the 2017-2018 and 2018-2019 influenza seasons. The sites were
Duke University (2017-2019), Boston University (2017-2019), and Cincinnati Children’s Hospital
Medical Center (2018-2019). The participants were community-dwelling volunteers aged =65
years of age with the main eligibility criteria being not being immunosuppressed, being
cognitively intact, having no co-vaccination, and having no influenza vaccine contraindications.
The goal was to enroll 220% individuals aged 280 years. The participants were randomized 1:1
to receive a 0.5 ml intramuscular (IM) dose of allV3 or HD-1IV3 and stratified by age group (65-
79) and (=80) years. For the safety and reactogenicity assessments, participants were
monitored in clinic 215 minutes post-vaccination for AEs, including syncope. Solicited
reactogenicity events and unsolicited AEs were assessed using a standard symptom diary
starting at Day 1 (vaccination day) through Day 8. SAEs were assessed during Day 1 through
Day 43 post-vaccination. AECIs included syncope during clinic post-vaccination monitoring,
anaphylaxis in first 24 hours after vaccination, and Guillain-Barré syndrome (GBS) within 43
days post-vaccination, and new onset immune-mediated conditions within 43 days post-
vaccination.
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For the HRQOL assessments for both seasons, the main measure was the EuroQOL-5
dimensions-5 levels (EQ-5D-5L). This measures mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression rated on 5 levels: no problems, slight problems,
moderate problems, severe problems, and extreme problems. Responses were converted to a
utility index summary measure that ranges from -0.109 (worst health) to 1.000 (best health). The
EuroQol-Visual Analogue Scale (EQ-VAS) also was used, which is a self-rated health measure
in a thermometer format on a 0 to 100 scale with 100 being the best imaginable health stage
and 0 being the worst in the participant’s estimate on that day.

The sample size estimate was 668 participants, with 334 per group. This assumed that 5% of
older adults have moderate to severe injection-site pain after allvV3 or HD-11V3 based on
prelicensure studies, a clinically meaningful non-inferiority margin of 5%, a one-sided alpha of
0.025, and at least 80% power to demonstrate proportion of moderate-severe pain non-inferior
after allV3 versus HD-1IV3. For the primary outcome of moderate to severe injection site pain,
the investigators used a one-sided alpha of 0.025 level, an upper bound of a stratified by site
Newcombe binomial confidence interval, and a non-inferiority margin of 5%.

Regarding the results, a total of 778 participants were assessed for eligibility. Of those, 21 were
excluded as 13 did not meet the eligibility requirements and 8 declined to participate. A total of
757 were randomized. The Full Analysis Population 1 was comprised of individuals who were
randomized, vaccinated, and had at least one day of symptom diary data. This population was
used for SAEs, AECIs, and HRQOL analyses. The Full Analysis Population 2 were individuals
who were randomized and vaccinated, and this was for injection site and all other reactions.
There were 2 people missing symptom diary data in the HD-IIV3 group, so there were 377 in
that group.

In terms of the summary of participants enrolled and randomized by site, it is important to note
that 21.5% of the participants were =80 years of age. This met the goal of 20% or more.
Regarding demographic characteristics, the median age was 72 years. The percentage of
females was similar in both groups at 56% for allvV3 and 54% for HD-11V3. For reference,
females represent 56% of the general US population over age 65 based on 2018 data. With
respect to race, 76% to 80% of participants were white and 15% to 18% were Black. Again, for
reference, in the general US population over 65 years of age, 77% are white and 13% are
Black. The investigators measured 15 other chronic medical conditions (cardiovascular,
respiratory, and others) in older adults and found them to be equally balanced between the two
groups.

Regarding the primary outcome results for injection site pain, the majority of individuals in both
groups reported no injection site pain. For moderate to severe pain, the allvV3 group was 3.2%
and the HD-IIV3 group was 5.8%. For the non-inferiority analysis, the percent difference was
calculated for allV3 minus HD-IIV3, which was -2.7%. The upper limit of the 95% CI of the
difference for allV3 minus HD-I1V3 was 0.36% and the noninferiority margin was 5%. The
proportion of participants with moderate to severe injection-site pain after allV3 was non-inferior
(not higher) than the proportion after HD-II\VV3. For the co-primary objective, no SAEs were
determined to be related to the vaccination. Also, there were no significant differences in the
proportion of SAEs between the vaccine groups. There were 9 participants in the allV3 group
who had =1 SAE after allV3 (2.4%; 95% CI:1.1, 4.5), and 3 participants had =21 SAE after HD-
1IV3 (0.8%; 95% CI 0.2, 2.2). No AECI occurred.
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In terms of moderate to severe local reactions after allV3 and HD-IIV3, no local reactions led to
a medical visit. Local reactions included injection site pain, redness, shoulder pain, swelling, and
tenderness. The absolute differences were small between these groups. In fact, the largest
difference was only 3.7% in swelling, which was higher in the HD-11V3 group. Tenderness did
not meet the non-inferiority criteria for allV3, while all of the other reactions did. None of these
local reactions led to a medical visit. Regarding moderate to severe systemic reactions after the
two vaccines, the reactions included chills, diarrhea, fever, headache, myalgia, nausea,
vomiting, arthralgia, fatigue, and malaise. Again, the absolute differences were small between
the groups. The largest difference was fatigue at 3.1%, which was higher in the adjuvanted
group. Arthralgia, fatigue, and malaise did not meet non-inferiority criteria but the other reactions
did. There were no systemic reactions that led to a medical visit.

Turning to the secondary objectives from Day 1 pre-vaccination to Day 1 post-vaccination, for
the EQ-5D-5L. The difference of -0.05 (-0.06, -0.04) was the exact same between the two
groups, with no significant difference. The scores increase slightly for the groups. Higher scores
are better, but the differences are not clinically meaningful. For the EQ-VAS, the difference was
-2.22 (-3.38, -1.06) in the allV3 group and 2.45 (-3.45, -1.54) in the HD-IIV3 group. Again, there
was no significance between group differences. The scores increased again, which was not
clinically meaningful. The pre-vaccination mean day scores for the EQ-5D-5L was 0.89 for the
allv3 group and 0.90 for the HD-IIV3 group, meaning that this is a relatively healthy and
independent group of elders.

In summary, the proportion of participants with moderate-severe injection-site pain was not
higher after allvV3 than HD-11V3. There were no vaccine-related SAEs. The short-term post-
vaccination HRQOL was not affected by either vaccine. The safety findings in this study were
consistent with pre-licensure data for allV3 and HD-11V3. From the standpoint of safety, either
vaccine is an acceptable option for the prevention of influenza in older adults.

Discussion Points

Dr. Szliagyi inquired as to whether there was a reason for the fact that the population was quite
healthy.

Dr. Schmader indicated that this is very typical in vaccine trials in older adults comprised of
community-dwelling volunteers. People from nursing homes do not volunteer for these studies.
It is possible to recruit them, but it is much more difficult. This is a recurring issue and
represents a major gap in the literature not only for vaccines, but also for medications.

Dr. Talbot asked whether it was possible to assess immunogenicity and reactogenicity to
determine whether there was a correlation.

Dr. Schmader responded that the immunogenicity studies are currently underway. All of the
results are anticipated in a month or two, at which time they can perform that analysis.

68



Advisory Committee on Immunization Practices (ACIP) Summary Report February 26-27, 2020

Summary and WG Considerations

Lisa Grohskopf, MD, MPH

Influenza Division, CDC

National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention

Dr. Grohskopf thanked the WG members and CDC staff who contribute regularly to the calls
every month, twice a month and often deliver extensive data and presentations to the WG.
Before discussing the WG considerations over the last several months, Dr. Grohskopf shared a
brief influenza vaccine distribution update. She shared the following data assembled by Dr.
Santoli and her group in the Immunization Services Division (ISD). This is an update of a
graphic presented during the October 2019 ACIP meeting summarizing vaccine dose
distribution for the current season and the previous 3 seasons. This graphic depicts that
approximately 174 million doses of influenza vaccine have been distributed in the US as of
February 14, 2020:

Cumulative doses of influenza vaccines distributed by month, by seasan:
201617 - 2019-'20

—E1e

—01-200

___________________________

As a reminder, these are the types of influenza vaccines:

v Inactivated Influenza Vaccine

ccllv Cell Culture-Based Inactivated Influenza Vaccine
allv Adjuvanted Inactivated Influenza Vaccine

HD-1IV High-Dose Inactivated Influenza Vaccine

RIV Recombinant Influenza Vaccine

LAIV Live Attenuated Influenza Vaccine

Numbers indicate the number of influenza virus antigens:
O 3 for trivalent: an A(H1N1), an A(H3N2), and one B (from one
lineage)
O 4 for quadrivalent: an A(H1N1), an A(H3N2), and two Bs (one
from each lineage)
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A discussion was presented during the October 2019 meeting of the rationale and design for a
systematic review of influenza vaccines in older adults that have been discussed in the WG for
a number of calls. Older adults =65 years of age are recognized as a group that is at increased
risk for severe illness and complications due to influenza infection. They also are a group who
tend not to have as good results in terms of efficacy or effectiveness with vaccines as compared
to younger, healthier age groups. They also are the group age-wise who have the most in terms
of number of influenza vaccines that suitable for them purely based on age indications. Since
2013-2014, there has been a decent expansion of the number of different types of vaccines
available, which are shown in the following table:

US Licensed Influenza Vaccines Available for 2019-2020

Available vaccines by FDA-licensed age indication:

Vaccine 6 through23 | 2through3 | 4throughi17 18through 49 | 50through 64 265 yrs
type mos yrs yrs yrs yrs
IIVas (egg-based) Afluria Quadrivalent
Fluarix Quadrivalent
FluLaval Quadrivalent
Fluzone Quadrivalent
1IV4 (cell-based) Flucelvax Quadrivalent
RIVA (recombinant) Flublok Quadrivalent
Adjuvant lIV3 (egg-based) Fluad
High-dose 1IV3 (egg-based) Fluzone High-dose
LAIVA (egg-based) FluMist Quadrivalent
* ACIP recommends that a licensed, age-appropriate influenza vaccine should be used.

* No pr
there is more than one that is appropriate.

recomim

> for any specific influenza vaccine for any age group, where

This includes 2 vaccines that are licensed specifically for adults 65 years of age and older,
which is the adjuvanted allV3 and HD-I1V3. The allV3 has MF59® adjuvant the HD-11V3 has a
higher antigen dose of the hemagglutinin and antigen. Both are licensed for this age group in
order to encourage a stronger immune response and better effectiveness or efficacy. Both
adjuvanted and high-dose inactivated vaccines have been studied as compared to
unadjuvanted standard-dose inactivated vaccines in this population. For each vaccine, there is
some evidence of better efficacy in this age group depending upon the study. There also has
been at least one study of RIV, which was first licensed in 2013-2014 as a trivalent and then
became available as a quadrivalent in the 2017-2018 season. This is licensed for individuals 18
years of age and older, but has been specifically studied in adults 50 years of age and older in
an RCT compared to a quadrivalent inactivated vaccine. Out of a total of the 9 US licensed
influenza vaccines available for 2019-2020, 8 of which are appropriate by age indication. ACIP
recommends that a licensed, age-appropriate influenza vaccine should be used. No preferential
recommendations are made for any specific influenza vaccine for any age group, where there is
more than one that is appropriate. This is the case for many age groups, but particularly for
individuals 65 years of age and older.

As alluded to in Dr. Schmader’s presentation, providers and the public do ask questions about
whether one vaccine is more appropriate for any given person. During the October 2019 ACIP
meeting, the WG discussed the status of the development of a protocol for a systematic review
of influenza vaccines. The systematic review/meta-analysis question regards “whether the
relative benefits and harms of HD-IIV, allV, and RIV, as compared with one another and with
other influenza vaccines, favor the use of any one or more of these vaccines over other age-
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appropriate influenza vaccines for persons 265 years of age.” This is a relatively complicated
guestion given the number of vaccine comparisons embedded in there.

The PICO essentially has not changed since the WG first presented this. The population is
adults 265 years of age. The interventions include US-licensed, or similar in
formulation/manufacture to US-licensed, trivalent/quadrivalent high-dose 11V, adjuvanted IV, or
RIV. The comparators include other trivalent or quadrivalent influenza vaccine (US-licensed, or
similar in formulation/manufacture to US-licensed), non-influenza control vaccine, placebo, and
no vaccine.

Outcomes have had an update since the last prestation, at which time the efficacy/effectiveness
outcomes had been settled. Safety outcomes are somewhat more complicated and required
further discussion. Much of the discussion centered around lumping versus splitting. There are
many ways to enumerate safety events. A total of 8 primary outcomes were settled upon for
efficacy/effectiveness and safety, which are as follows:

U Efficacy/Effectiveness
» Allinfluenza A and B
» Influenza-associated outpatient/emergency visits
» Influenza-associated hospitalizations
» Influenza-associated deaths

Q Safety
» Any systemic adverse event (Grade 23)

» Any injection site adverse event (Grade 23)
» Any serious adverse event (SAE)
» Guillain-Barre syndrome

There also are some secondary outcomes. To the extent data are available, the following will be
summarized:

U Influenza-associated outpatient/emergency visits, hospitalizations, and deaths stratified by
influenza virus type/subtype
O SAEs judged to be related to study intervention

Inclusion/Exclusion criteria are similar to what was presented in October 2019 and include the
following:

O Peer-reviewed literature with no language restriction

O Publication dates from 1990 forward, with a rationale that the adjuvanted vaccine was
licensed in Europe in 1997

O Main inclusion criteria:
» Randomized studies (individually- and cluster-randomized designs)
» Retrospective case-control and cohort studies (traditional and test-negative designs)
» Retrospective and prospective cohort studies
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U Main exclusion criteria:

Data involving influenza vaccines not licensed in the US for persons =65 years of age
Studies/data for which the entire population falls outside the age range of interest
Studies/data assessing monovalent or bivalent vaccines

Case series, case reports, registry reports without comparator or denominator
information

Animal studies

Interim reports superseded by final reports

VYV VYVYVV

The outcomes were finalized in November 2019, the protocol was finalized in December 2019,
and literature screening began in January 2020. There are a substantial number of reports to
screen at upwards of 8000. The WG will present the findings as soon as they are able.

Discussion Points

Dr. Lee thought it seemed like they might be headed toward a question about a preferential
recommendation, which raised a couple of issues. One issue pertains to what would constitute a
meaningful difference, and she wondered whether the WG would opine that to say what that
difference may or may not be. It may not be statistically significant, but it may be clinically
meaningful. The second issue pertains to determining comparative effectiveness conditioned on
the same season, because her assumption is that there will be considerable data of several
seasons that the comparison will be very challenging for different vaccines.

Dr. Grohskopf replied that they did not define a meaningful difference in the protocol, partly
because everyone is aware of the variability of the way influenza behaves and the way VE differ
from season-to-season. In terms of what they have seen, even relative VE is not the same from
study-to-study. It is daunting to try to define a clinically meaningful difference when there are so
many things going into the equation that cause variability. They anticipate seeing a lot of
variability. Based on the WG discussions, the general feeling among the WG members about
the reason for doing this is that people do ask why there is not a preferential recommendation.
Given all of the evolving literature, it is a good time to examine whether there are enough data
and if not, why not or if so, why so. There is going to be a lot of variability, but they will have to
determine how much.

Dr. Foster (APHA) inquired as to why FLUCELVAX®, the cellular cultured vaccine, was not
included in this evaluation.

Dr. Grohskopf indicated that the cell-based inclusion was discussed. One reason was that to the
WG'’s acquaintance, more data were available for the other 3 vaccines for this particular age
group specifically. The review is quite complicated already with the 3 vaccines. To add the 4™
would broaden the review quite a bit more in terms of relative comparisons. Because the cell-
based vaccine is licensed for individuals 4 years of age and older, the WG'’s feeling was that this
is likely to be addressed in a broader review in terms of egg-based versus non-egg-based for a
broader scope of the population. The cell-based vaccine has been available for a number of
seasons. In terms of manufacturing, the propagation of those reference strains has been since
that vaccine was licensed in canine kidney cell lines rather than eggs. This is the first season in
which all 4 of the reference strains are cell-derived. Therefore, it seemed best to hold off on
FLUCELVAX® for a later review.
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Agency Updates

Centers for Disease Control and Prevention (CDC)

Dr. Wharton presented the CDC agency update. During the December 2019 meeting of the
Board of Scientific Counselors, Deputy Director for Infectious Diseases (BSC, DDID)
established the Vaccine Confidence Work Group to identify gaps in CDC activities to increase
vaccine coverage; inform the centers’ efforts to provide recommendations to CDC on the
agency’s strategy to strengthen vaccine confidence; and maintain high vaccine coverage at the
national, state, tribal, and local levels. Over the next two years, the Vaccine Confidence Work
Group will collect and analyze relevant information and provide findings and observations to the
BSC DDID for deliberation and potential votes. The Vaccine Confidence Work Group will be
chaired by external experts; and will be supported by staff from across CDC, including the
Immunization Services Division (ISD), the Immunization Safety Office (ISO), and the Division of
Viral Diseases (DVD).

For measles during 2019, a total of 1282 individual cases were confirmed in 31 states. In
October 2019, New York State (NYS) announced the end of the state’s nearly year-long
outbreak of measles. With that declaration, the US was able to maintain its measles elimination
status. The Pan American Health Organization has established a regional verification
Commission and CDC will provide evidence regarding the sustainability of measles elimination.
In December 2019, American Samoa declared a measles outbreak. CDC has provided technical
guidance on case and contact investigations, infection control, vaccine acquisition and usage,
and mass vaccination efforts. The agency also provided American Samoa with additional
funding to support their response to the outbreak and purchase additional doses of measles,
mumps, and rubella (MMR) vaccine.

The previous day, a comprehensive update was provided on the influenza vaccine season. Dr.
Wharton added a couple of brief updates that she did not believe were included. CDC tracks
influenza coverage weekly through the National Immunization Survey and is able to provide
estimates that are updated weekly. She was pleased to see this year that coverage appears to
be tracking a little above last year. It is currently around 60%. If it continues to increase,
coverage will likely be higher than it was at the end-of-season last year. CDC is also pleased to
see an increase in doses of pediatric influenza vaccine ordered by states for use in the
Vaccines for Children (VFC) Program. Obviously, vaccine availability does not necessarily mean
there will be higher coverage, but there cannot be higher coverage if there are not more dosage
available. Therefore, CDC is pleased to see that increase in doses ordered for next season for
the VFC Program.

Finally, the 2020 National Adult and Influenza Immunization Summit (NAIIS) annual in-person
meeting will be convened on May 18-20, 2020 at the Westin Peachtree Plaza Hotel in Atlanta,
Georgia to be followed by CDC’s National Immunization Conference (NIC), which will be
convened May 19-21, 2020 also at the Westin Peachtree Plaza Hotel in Atlanta, Georgia.
Information about both of those meetings is available online.
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Department of Defense (DoD)

Dr. Deussing conveyed the DoD’s appreciation to ACIP and CDC for continued inclusion of the
DoD in this meeting and the ACIP working groups. The DoD is closing out its 2019-2020
influenza vaccination campaign after reaching its annual goal of vaccinating over 90% of
personnel by January 15, 2020. This included Active Duty, Select Reserve Forces, and
healthcare providers. New for the 2020-2021 season, the DoD will introduce Southern
Hemisphere influenza vaccine to support operational activities in applicable regions. The DoD,
in coordination with other agencies, is moving forward with limited implementation of the newly
licensed Bavarian Nordic smallpox and monkeypox vaccine. The Immunization Healthcare
Division (IHD) is developing a protocol to evaluate this vaccine for cardiac safety, interaction
with other vaccines, and optimum booster interval. The Pragmatic Assessment of Influenza
Vaccine Effectiveness in the DoD (PAIVED) is now in its second research year. Over 5800
patients were enrolled this year at 9 different research sites. This study group is co-chaired by
the IHD and the Uniformed Services University (USU) Infectious Disease Clinical Research
Program (IDCRP). The South Atlantic and Pacific Regional Vaccine Safety Hubs continue to
actively present research on a number of subjects, including atypical shoulder pain and
dysfunction following immunization, vaccine hesitancy in the military system, and effects of anti-
inflammatories and analgesics post-immunization. In FY2019, the IHD responded to over 1400
calls to its call center, reviewed 1022 VAERS cases, reviewed 480 clinical cases, and
conducted 322 onsite quality assurance surveys to ensure the highest standards of care
throughout the DaD.

Department of Veterans Affairs (DVA)

Dr. Kim provided 4 announcements for the DVA. The first is that the VA updated its clinical
preventive services guidance and national electronic decision support tools, which are also
known as clinical reminders, for HPV and pneumococcal immunizations based on the most
recent ACIP recommendations. Located on the VA internal website for clinicians, the VA
guidance also includes public facing links and resources for staff to use with their patients.
Second, from August 1, 2019 through February 1, 2020, over 1.9 million influenza vaccinations
were administered within VA facilities. This does not include vaccines received outside of the
VA. In addition, more than 109,000 enrolled veterans received a no-cost influenza vaccine
through a partnership with Walgreen’s. Third, VA Notice 2020-02 was released to the field on
the storage of vaccines and medications in pharmaceutical grade purpose-built refrigerators and
freezers at VA medical facilities. Fourth, the VA public facing “Staying Healthy:
Recommendations for WOMEN" and “Staying Healthy: Recommendations for MEN” have been
updated based on the CDC 2020 Adult Immunization Schedule and are available on the VA
National Center for Health Promotion and Disease Prevention website.

Food and Drug Administration (FDA)

Dr. Fink indicated that first and foremost, FDA is engaging with vaccine manufacturers, other
federal agencies, and regulatory and public health authorities across the world to facilitate
development of vaccine candidates to address the current COVID-19 outbreak. Since the last
ACIP meeting, there have been 4 major vaccine approvals. ERVEBO, the VSV-vectored Ebola
vaccine, was approved in December 2019. There have been 3 influenza vaccine approvals, two
of which were to add quadrivalent formulations to previously approve trivalent seasonal
influenza vaccines. This includes a quadrivalent formulation of Fluzone® High-Dose indicated for
use in individuals 65 years of age and older that was approved in November 2019; and a
quadrivalent formulation of Fluad®-MF59®-adjuvanted influenza vaccine that was approved at
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the end of January 2020, also for use in individuals 65 years of age and older. The fourth
approval was for an adjuvanted H5N1 vaccine for positioning in the Strategic National Stockpile
(SNS). This is an MF59®-adjuvanted vaccine that is manufactured using the same platform as
FLUCELVAX®, the licensed seasonal influenza vaccine. The trade name is AUDENZ. This
vaccine was studied for safety in nearly 4000 individuals, which included over 300 pediatric
subjects and nearly 1800 individuals 65 years of age and older. The effectiveness was inferred
by hemagaglutinin inhibiting antibody responses post-vaccination and from efficacy data with
FLUCELVAX®, the vaccine manufactured using the same platform. This H5N1 vaccine was
approved under FDA's traditional approval pathway for adults 18 years of age and older
because FLUCELVAX® is approved under that pathway as well. For pediatric individuals under
the age of 18 years, FLUCELVAX® is approved under either an accelerated approval provision
or not yet approved, as is the case for individuals less than 4 years of age. Once the ongoing
studies to support traditional approval of FLUCELVAX® are completed, that will serve as the
basis for full approval of AUDENZ in those pediatric age groups.

Health Resources and Services Administration (HRSA)

In terms of Ebola vaccine coverage by the Countermeasures Injury Compensation Program
(CICP), Dr. Rubin reported that Ebola vaccine is a covered countermeasure based on the
current declaration. Injury claims from the Ebola vaccine are eligible for benefits as long as they
meet program requirements. As of January 1, 2020, the CICP has compensated 39 claims
totaling $5.5 million. The national Vaccine Injury Compensation Program (VICP) has continued
to process an increased number of claims. In Fiscal Year 2019 (FY2019), 1282 claims were
filed with the VICP. In that same FY, $196.2 million was awarded to petitioners and $29.2 million
was awarded in attorney fees and costs. These include fees for compensated, dismissed, and
interim cases. As of January 1, 2020, a total of 289 claims were filed with the program and
$57.2 million was awarded to petitioners and attorneys for attorney fees and costs. As of
January 1, 2020, HRSA has a backlog of 913 claims alleging vaccine injury awaiting review.
More data about the program can be obtained on the website.

Indian Health Service (IHS)

Dr. Weiser reported as of February 10, 2020, IHS has administered 267,565 doses of influenza
vaccine with population coverage among children 6 months to 17 years of age of about 36.1%
and among adults 18 years of age and older, 33.6%. In addition, IHS facilities have a mandatory
HCP influenza policies. Internal influenza vaccine coverage among federal IHS HPC was 94.8%
as of December 31, 2019. One of the software updates that IHS is grateful to be anticipating will
be established soon is the final phase of new immunization forecasting software, which finally
will allow IHS to catch up with some of its newer vaccine recommendations. This is expected to
go live in the next 30 to 60 days. Addressing vaccine hesitancy, the Northwest Portland Area
Indian Health Board (NPAIHB) Tribal Epidemiology Center (TEC) with funding from CDC is
working with various stakeholders, parents, community members, HCP, and a community
organization called Boost Oregon to develop approaches and communication strategies to
strengthen conversations among HCP and community members around the importance and
benefits of childhood vaccines and to reduce vaccine hesitancy within tribal communities. The
projects aims are to: 1) educate patients and parents about childhood vaccines; 2) increase
HCP’s confidence and ability to discuss patient and parent concerns about vaccines; and 3)
encourage providers to strongly recommend immunizing all children according to the ACIP
published vaccination schedules for children and adolescents.
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National Institutes of Health (NIH)

Dr. Mulach reported National Institute of Allergy and Infectious Diseases (NIAID) is supporting
the development of a number of COVID-19 vaccine candidates by intramural and extramural
investigators. Multiple approaches are being assessed, including vaccines based on
technologies that have shown promise against coronaviruses that cause SARS and MERS. The
Vaccine Research Center (VRC) at NIAID is collaborating with the company Moderna on the
development of a vaccine candidate using a messenger ribonucleic acid (mMRNA) vaccine
platform expressing a recombinant spike protein of SARS-CoV-2. It is anticipated that this
experimental vaccine will be ready for clinical testing in the next few months. NIH will continue
to conduct pre-clinical studies as well as the first in-human study of this candidate and other
candidates. NIH is coordinating closely with its colleagues at CDC, the Department of Health
and Human Services (HHS), FDA, DoD, and other federal partners.

On February 26, 2020, NIH announced the start of a randomized controlled clinical trial to
evaluate the safety and efficacy of the investigational antiviral remdesivir in hospitalized adults
diagnosed with coronavirus disease 2019 at the University of Nebraska Medical Center (UNMC)
in Omaha. This is the first clinical trial in the US to evaluate an experimental treatment for
COVID-19. The first trial participant is an American who was repatriated after being quarantined
on the Diamond Princess Cruise Ship that docked in Yokohama, Japan and volunteered to
participate in the study. The study can be adapted to evaluate additional investigative
treatments and to enroll participants in other sites in the US and worldwide.

As Dr. Messonnier mentioned the previous day, CDC received a clinical specimen of the first
US patient infected with SARS-CoV-2, prepared the sample, and sent it to the NIH BEI
Repository. That sample has been grown up and is available to investigators to use in their
research endeavors for those who are registered. NIH is providing additional materials for
coronavirus research, which are being updated on a daily basis as more information is acquired.
The BEI Repository website contains further information about those resources.

Office of Infectious Disease Policy and HIV/AIDS (OIDP)

Dr. Elam, Research & Policy Strategist for OIDP, provided a brief update on OIPD
immunization-related activities and the National Vaccine Advisory Committee (NVAC). The last
NVAC meeting occurred February 13-14, 2020 and focused on vaccine confidence and
innovation. The agenda included presentations on recent research in vaccine innovation,
updates related to the coronavirus outbreak, and efforts to advance the 2019 Executive Order
on Modernizing Influenza Vaccines in the United States to Promote National Security and Public
Health. The agenda also included sessions on challenges and opportunities for combatting
misinformation online, speakers from large social media companies such as Twitter, and the
use of storytelling to increase vaccination awareness and rates. The Assistant Secretary for
Health (ASH) in a prior meeting charged NVAC to develop and formally submit reports with
implementable recommendations for vaccine confidence and immunization equity. During the
meeting, each of the subcommittees provided an update on their progress in preparations for
drafting and submitting these reports on time. The next public NVAC meeting will take place
June 9-10, 2020 in Washington, District of Columbia (DC). For those who cannot attend in
person, there will be a live webcast. Information for this upcoming meeting and past meetings
can be found on OIDP’s website.
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OIDP will be releasing the 2020 National Vaccine Plan (NVP) late this year. During the last
ACIP meeting, Dr. Tammy Beckham, OIDP’s Director, updated this committee on the progress
related to the development of the 2020 NVP. The work on this plan is ongoing and includes
review and incorporation of feedback solicited through public comment and stakeholder
discussions that took place in October 2019. This consisted of 26 one-hour discussions with
individuals and a variety of stakeholder groups including healthcare providers, industry,
academia, and patient advisory organizations. Much of the feedback received aligned closely
with previous NVAC recommendations including aspects such as a goal for innovation, and a
global goal relevant to the ongoing coronavirus outbreak. At present, OIDP is integrating the
feedback received into a concise actionable 5-year plan that will provide vaccine strategies
across the life course, guide priority actions for 2020-2025, and identify indicators to measure
progress toward planned goals.

As will be emphasized in the next NVP, vaccine innovation continues to be a priority at HHS as
they recognize the critical role of innovation within the US vaccine and immunization enterprise.
OIDP is putting innovation into practice in multiple ways. For example, in order to improve
pertussis vaccine performance, OIDP convenes scientific, policy, and regulatory experts to
discuss ethics, feasibility, and regulatory considerations of a controlled human challenge model.
This human challenge model will provide a better understanding of the immune system’s
response to infection, including colonization, and guide pertussis vaccine development in the
US. As opposed to current practice, the challenge model will entail colonization as the desired
endpoint. The output of this meeting was instructive and will serve to guide future policy. A
White Paper will be published in Spring 2020.

Human papillomavirus (HPV) remains a significant public health challenge, with vaccination
completion rates for adolescents barely above 50%. The ASH has prioritized increasing HPV
vaccination rates nationally in order to reduce vaccine-preventable cancers. As a result, OIDP is
implementing innovative approaches to significantly improve HPV vaccination rates within the
next 5 years. This is being achieved through a number of activities, including working with the
CDC, the American Medical Group Association (AMGA), and the American Cancer Society’s
(ACS's) National HPV Vaccination Roundtable to establish a Learning Collaborative among
integrated delivery networks and other large health systems. Additionally, OIDP has launched
the innovative Million Cancer Preventing Congregations program, a faith-based initiative that
empowers leaders to participate in prioritizing HPV vaccination and cancer prevention within
their congregations.

In addition, Dr. Elam provided an update on two national plans that will be released later in
2020. First, OIDP is updating the National Viral Hepatitis Action Plan, which was first released in
2011. This plan provides goals, strategies, and indicators to achieve a coordinated national
response to Hepatitis A, B, and C infections. The updated plan is scheduled to be released in
Summer 2020 and will prioritize available hepatitis vaccinations. OIDP is also advancing the first
ever STI Federal Action Plan. Recent data show that rates of STIs have grown considerably
over the past 5 years and had reached an all-time high in 2018. Acknowledging this serious
public health concern, HHS is developing the STI Federal Action Plan to guide a strategic
federal response. This plan will focus on the 4 most common STIs that have the greatest public
health impact in the US: chlamydia, gonorrhea, syphilis, and HPV. HPV vaccination will be
emphasized as a cancer-preventing measure. The plan will focus on cross-cutting issues,
including stigma, disparities, and social inequities.
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Introduction

Sharon Frey, MD, FACP, FIDSA
Saint Louis University School of Medicine
Chair, ACIP Human Rabies Prevention WG

Dr. Frey introduced the Human Rabies Prevention WG members and session. The WG’s terms
of reference are to:

U Determine the epidemiology and burden of rabies exposures and pre-exposure prophylaxis
(PrEP) and post-exposure prophylaxis (PEP) administration in the US

O Evaluate and revise recommendations as needed for vaccination schedules, route and site
of PrEP and PEP, and cost-effectiveness

O Consider evidence generated to inform the rabies recommendations of other global
organizations, such as the World Health Organization (WHO)

O Review rabies exposure risk and risk assessment guidelines for the general population and
by occupational and recreational groups

U Evaluate serological and monitoring recommendations, including whether recommendations
should differ depending on the degree of rabies risk for a person and whether adequate
antibody titers are needed to confirm immunization

O Consider whether recommendations should differ for healthy adults compared to
immunocompromised persons, children, and pregnant women

U Update recommendations with information about the 2 rabies immune globulin products
approved by the US FDA during 2018

U Identify areas in need of further research for informing future vaccine and immune globulin
recommendations

To recap the October 2020 meeting, the following information was presented and discussed:

Background: epidemiology, clinical course, and rabies biologics in the US
Factors that contribute to decisions for PrEP and PEP

The role of neutralizing antibodies as a marker for adequate vaccine response
Introduction to PrEP schedule considerations, including:

» Immunogenicity and duration of immunity

» Route of vaccine administration

» Role of booster doses for select populations

» Reasons for PrEP failures

oooo
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Since the last ACIP meeting, the WG concluded data review and discussions about PrEP topics
and began discussing PEP to include PEP schedules, data about rabies immune globulin (RIG)
administration, and presentations about newly licensed RIG products. Presentations during this
session included the following:

U Background to PrEP, vaccine safety, and WG considerations
U Rabies vaccine schedule and duration of immunity (systematic review data)
O Other guidance and next steps for the WG

Regarding the new tentative timeline, the WG hopes to provide PrEP GRADE and EtR and
some PEP data in June 2020. In October, the WG anticipates having a PrEP vote and to
continue presentations about PEP data, including GRADE and EtR. A vote is anticipated on
PEP in February 2021.

Background to Rabies Pre-exposure Prophylaxis,
Vaccine Safety, and Work Group Considerations

Agam Rao, MD FIDSA

CDR, United States Public Health Service

National Center for Emerging and Zoonotic Infectious Diseases
Centers for Disease Control and Prevention

Dr. Rao explained that rabies is an acute, progressive encephalomyelitis that is nearly always
fatal. It is transmitted from infected mammals by a bite, scratch, or exposure to saliva or neural
tissue. It is not transmitted by exposures to blood, urine, or feces of infected animals. There
have been no known laboratory-confirmed cases of human-to-human transmission through
exposure to infected persons. In the US, there are approximately O to 4 cases per year. Human
cases mostly come from infected animals.

There are few animal species that are reservoirs for rabies. Rabies virus variants (RVV) are
named for animal reservoir species in which they circulate. They are confined to geographically
definable regions. Infection can be transmitted from the reservoir species to other species, for
example, a racoon RVV can spread from a racoon to a cat to a human. It is important to
understand that the RVV does not denote the animal to which the human was exposed. Within
the US, canine RVV has been successfully eliminated. This leaves terrestrial or wildlife rabies
and non-terrestrial rabies. Non-terrestrial rabies is rabies where the reservoir is bats. Bat RVV is
widespread and is present in 49 of 50 US states—all but Hawaii. Terrestrial or wildlife rabies is
rabies for which the reservoir is wildlife (e.g., skunk, fox, mongoose, and raccoon). Depicted in
this map is the distribution of terrestrial RVV in the US:
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Activities that have led to confirmed cases in the US are ones that bring humans closer to rabid
animals or rabies virus. They occur in domestic and international settings. In both of those
settings, recreational and occupational work like laboratory and field work have been involved.
Domestically, there are other potential exposures including contacts in everyday life, which
occurs if there are bats in the home or a residence is in a wooded area with opportunities for
exposure to rabid animals. There have been rare transmissions from organ and tissue
transplants as well.

For these reasons, preventing rabies is a priority. Vaccinating domestic and wild animals is one
way of doing that. For example, USDA, health departments, and others work on oral rabies
vaccine campaigns for this purpose. Vaccinations in humans, PrEP and PEP, have been found
to be highly effective in preventing rabies and likely contribute to the low number of cases in the
US. PrEP was the focus of this session. It is comprised of a rabies vaccine schedule. Over
15,000 persons receive PrEP annually in the US.

In terms of US rabies vaccine, PrEP and PEP are important. A lot of factors contribute to the
ACIP recommendations for these. There are 2 rabies vaccines currently licensed in the US.
There is a human diploid cell vaccine (HDCV) and purified chick embryo cell vaccine (PCECV).
The brand name and manufacturer are listed in the second and third columns in the following
table:

Vaccine Product Manufacturer Licensed for

Name Administration
Human diploid cell Imovax® Sanofi Pasteur Intramuscularly
vaccine
(HDCV)
Purified chick embryo RabAvert GlaxoSmithKline Intramuscularly
cell vaccine (PCECV) (In future:

Bavarian Nordic)

Both vaccines are licensed in the US for intramuscular (IM) administration only. Both vaccines
have been around for decades and no concerns were raised during the 2008 ACIP
recommendations. However, because these vaccines are an important part of PrEP and PEP
regimens, the WG did review the available data. The WG looked at passively collected data
from the Vaccine Adverse Event Reporting System (VAERS). In terms of data for HDCV,
VAERS received 1666 reports during 1990-2019. The take-home point is that the majority (94%)
of reports were for non-serious events. Systemic reactions observed included headache
(18.8%), pyrexia (18.1%), and nausea (17.1%). Serious adverse events (SAEs) like
angioedema were rarely reported. These findings are consistent with pre-licensure and post-
marketing studies [Moro PL, et al PLoS Negl Trop Dis. 2016 Jul 13;10(7):e0004846 ; VAERS:
Vaccine Adverse Event Reporting System].

For PCECV, VAERS received 739 reports. Here as well, most (93%) were non-serious. The
most common systemic reactions observed were headache (19.5%), pyrexia (18.5%), and
nausea (18.1%). These findings are also consistent with findings of pre-licensure studies and do
not represent new information [Moro PL et al. Travel Med Infect Dis. 2019 May - Jun;29:80-81;
Dobardzic A et al. Vaccine. 2007;25:4244-51; VAERS: Vaccine Adverse Event Reporting
System].
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To ensure that any published data about safety since the 2008 ACIP recommendations were
evaluated, the literature for trials was reviewed. Safety data from 25 trials were found to have
been published since the 2008 ACIP recommendations. These publications involved
comparison of a new vaccine and one of the 2 US vaccines, intradermal administration, and
intramuscular co-administration with other vaccines (e.g., Japanese Encephalitis vaccine),
varying schedules, and use in pregnant persons and children. In the end, the findings were
consistent with what has been previously reported and no change was found in the safety
profile.

In terms of who should receive rabies PrEP, the purpose of PrEP is to provide partial immunity
to persons who are at risk for rabies. It is not a substitute for PEP. Persons who receive PrEP
still need PEP after an exposure. Rabies immune globulin would not be needed for these
people, and the vaccine series would be shorter. However, receiving PrEP does not negate the
need for PEP. It is intended for persons who may have unrecognized or frequent exposures to
rabies virus. For persons who have a delay in starting PEP (for example, if they are in a rural
area and have to travel to the capital city of an international country), PrEP provides a bridge
until they have access to PEP. The recommendations for PrEP vary depending upon the level of
risk to unrecognized exposures. Risk categories for PrEP were developed with this in mind.
They were developed to outline the populations who should receive PrEP based on a shared
risk level and the corresponding recommendations for schedules and frequency of titer checks
that are specific for that level of risk. They are named for the level of risk for unrecognized
exposures where “Continuous” is the highest risk, followed by “Frequent” and “Infrequent,” and
finally “Rare” which is the least risk. The “Rare” category is the general population.

Dr. Rao walked through the important features of this table from the 2008 ACIP rabies
recommendations, as all of the presentations during this session were based on understanding
this table:

Risk Categories for PrEP

TABLE §. Rabdas pra-auposirn prophylats guide — United States, 2088
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Focusing on the left side of the table, the first column is the risk category. Starting at the bottom
is the “Rare” risk. There is increasing risk for inapparent or unrecognized exposures moving
upward on the table to the “Continuous” category. The second column, “Nature of Risk”
describes features of each risk category. For example, the nature of risk to unrecognized
exposures is the highest for the “Continuous” risk category. Persons who fall into this risk are
exposed to rabies virus in high concentrations and frequently. They can be exposed from bites,
non-bites, or aerosol/droplet exposure. The nature of this risk decreases in intensity moving
down the second column. For the general population, in the “Rare” category, exposure is always
episodic if it occurs and the source is recognized. The recommended schedule and the
frequency of titer checks differs depending on the risk category. The information in the third
column, the “Typical Populations” column, is for that reason critical to front line providers. It
enables them to identify the category in which their patient falls so that they can follow across
and determine the PrEP recommendations. The populations described in the third column
depend on several factors, including activity performed by the population, geographic region of
mammal that someone might be exposed to, and access to safe and effective PEP. Dr. Rao
spoke about each of these in more detail.

“Activity Performed” can mean occupational and recreational activities. Occupational exposures
include jobs that require handling live rabies virus in diagnostic, research, or vaccine production
capacities. For example, a rabies diagnostician. Some occupations have a lot of contact with
bats, and some with terrestrial mammals. As part of recreation, too, some people have
exposures that are risky for rabies. People can have contact with bats if they are a spelunker.
People also travel internationally and can have exposures to rabid animals. Geographic region
is important because different regions have different risks, regardless of the occupational or
recreational activity that a person is doing. For example, domestically, a wildlife worker in
Washington State where no terrestrial RVV are noted may have a lower risk than the same work
in Pennsylvania, which is deep in the green zone where raccoon RVV is. Similarly, a spelunker
entering only caves in Hawaii, where there is no rabies at all, may have a lower risk than a
spelunker who enters caves in Alabama where there is bat RVV. Internationally, the important
surveillance information is knowing whether canine RVV is an issue.

Geographic location is not the only important consideration for travelers. Access to PEP is a
very important issue as well. Nearly all major cities have rabies vaccine and rabies immune
globulin available. But if a person is, for example, doing recreational activities in a rural area,
they may not have quick and easy access to the PEP that is in the major city. There may be a
delay in their receiving PEP in that case. These 3 things fill in the “Typical Populations” column
of the table titled “Rabies pre-exposure prophylaxis guide” from the 2008 ACIP
recommendations. However, over the years, CDC has heard that this column can be hard to
follow.

To the left of the “Typical Populations” column is the corresponding risk category. Some of the
reasons this column was confusing is that veterinarians are listed in 2 risk categories. The text
does attempt to clarify the difference between these 2 categories: Those in the “Frequent” risk
category are working in areas where rabies is common and those in the ‘Infrequent” risk
category are working with terrestrial animals in areas where rabies is uncommon or rare. But the
language was cumbersome and users found it difficult to understand. The important role that
geographic location or surveillance data plays in determining risk was not clear. The “Frequent”
category includes all persons who frequently handle bats and the “Infrequent” category
mentions travelers visiting areas where rabies is common and immediate access to appropriate
medical care is limited. Given that the application of the ACIP recommendations in the last
column of the table is dependent upon the clarity here, the WG decided to make some changes.
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The WG decided to split of the “Typical Populations” information into 2 columns, which are in
the red box on the slide as shown here:

Proposed PrEP clinical guidance
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In the row for the “Continuous” risk category, the “Disease Biogeography” is the laboratory and
the “Typical Population” is “Laboratory personnel who work with live rabies virus in research,
diagnostic, or vaccine production capacities.” There are examples provided upon which the WG
elaborated, “necropsy of suspect rabid animal or working with rabies virus cultures.” Obviously,
this population is at the greatest risk of rabies exposure, and the PrEP reflect that. For the
“Frequent” risk category, there are 2 different populations who have a high enough risk for
rabies to be included in the “Frequent” risk category. Both are based on the principle that if
someone has frequent exposure to rabies, they fall into this category. In geographic regions
where bats are the only reservoirs for rabies, the typical population is “Persons who frequently
handle or comes into contact with bats (e.g., bat biologist).” In geographic regions where
terrestrial mammals are reservoirs for rabies, people who work with these terrestrial animals are
at “Frequent” risk. Those populations include “Animal care professions (e.g., veterinarians,
technicians, animal control officers)” and “Others who repeatedly handle terrestrial reservoir
species (e.g., wildlife biologists, rehabilitators, and trappers.” Persons with the same animal
professions described here, could fall into the “Infrequent” category if the region where they
work is one without terrestrial rabies.

That is seen in the first row of the “Infrequent” category. People can have professions that are
similar to those in the “Frequent” category, but be listed in the “Infrequent” category as seen in
the list in the “Typical Populations” column: Animal care professionals, Others who repeatedly
handle terrestrial reservoir species, Spelunkers. Spelunkers was added to this row. This was
previously in the “Frequent” category, but the WG felt that the recommendations for those in the
“Infrequent” category might be a better fit. The second row in the “Infrequent” category includes
“Geographic regions where terrestrial mammals are the reservoirs for rabies.” The population is
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different from that of the “Frequent” category in that “veterinarian students” have less exposure
than a veterinarian would. It also includes short-term volunteers. This also includes “short-
term/volunteer hands-on animal care workers where increased risk is expected for short time
periods” and people for whom frequency of titer checks would not be as important as those who
would fall into the “Frequent” category.

The third row for the “Infrequent” category includes “Geographic regions internationally with
canine rabies.” The “Typical Population” here includes “Travelers who will be performing
activities (e.g., occupational or recreational) that put them at increased risk for exposure to rabid
dogs and may have difficulty getting access to safe PEP (e.g., in rural areas). Children may
receive PrEP depending on the country to which they will travel (see CDC Traveler's Health
destination pages).” This all aligns with the soon to be updated CDC Traveler’s Health
destination pages and the 2022 Yellow Book.

These are minor changes that were made to the table that are expected to clarify the contents
and make it more user-friendly. The information in the last column is about PrEP schedules and
the frequency of serologic titer checks is the subject predominantly of the next presentation. The
WG made a few other changes to this table for clinical guidance. The minimal acceptable
antibody titer level was changed to 0.5 IU/mL to ensure standardization with WHO and
laboratories nationwide. The WG also recognized that the disease biogeography, because it
was not its own column, may have created some confusion about the importance that should be
placed on it and, therefore, highlighted the importance for local or state health departments to
be contacted if there is any confusion about those issues.

In terms of vaccine series and frequency of titer checks, intradermal (ID) rabies vaccine
administration has been globally recommended since the 1980s. WHO, as recently as their
2019 recommendations, recommended ID because it is dose and cost-sparing. For that
population, the population the WHO guidelines are for, dose and cost-sparing recommendations
could make the difference between a person getting vaccine and not getting the vaccine. So
potentially life or death in the case of PEP. However, the US population is a different population.
In the US, rabies vaccine is not licensed for ID use. It is packaged for one intramuscular (IM)
injection. There is less of a need to vaccinate many people concurrently as there might be in
developing countries, so the risk of infection that could come from multiple punctures to a vial
that is intended to be a single use vial and therefore without preservatives, might not outweigh
the benefits. Most of the populations for whom PrEP is recommended in the US are because of
the work performed in their occupation. So presumably, occupations might pay the cost for
these. For these reasons, the WG group preferred IM regimens.

The 2008 ACIP PrEP schedule is IM rabies vaccine on days 0, 7, and day 21 or 28. This is the
schedule for all persons in the “Continuous,” “Frequent,” and “Infrequent” risk categories. The
frequency of titer checks, however, differed depending upon the risk category. It was every 6
months for those with the greatest risk to unrecognized exposures, and it was every 2 years for
those in the “Frequent” risk category. For those in the “Infrequent” risk category, the guidance
was that titers are not needed. Therefore, no PrEP or titer checks were recommended in the
2008 recommendations for those in the “Rare” category. Rabies antibody titer is used as an
indicator of adequate immune response to vaccine, but acceptable titer is not an indication of
protection. It is a surrogate. A person with a low titer may still be immune. That person might
very well still mount an anamnestic response if they had a rabies exposure. But because of the
high mortality associated with rabies and the high risk for some populations, guidance has
always been to try to maintain a higher than the minimum acceptable antibody titer level for
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these people at their routine titer checks. A lower titer might still have protected them, but a
sustained higher titer is preferred.

Given all of this, the WG’s task was to: 1) evaluate whether vaccine series could be different
depending upon the risk category by looking at data for a 2-dose IM series and data about a
booster for those in the higher risk categories; and 2) evaluate whether frequency of titer checks
could be different depending upon the risk exposure category by looking at data that helps
determine whether titer checks for persons in the “Continuous” category should be more often
than those in the frequent category. These data are the subject of the next presentation by Dr.
Blanton.

Discussion Points

Dr. Hunter requested that Dr. Rao go back to the proposed table and walk him through what
would be done for a bat biologist in an area that has geographic regions where terrestrial
mammals are reservoirs for rabies.

Dr. Rao responded that anyone who is a bat biologist who is practicing in the US, for 49 out of
50 states they would fall in the “Frequent” risk category. This would be “Geographic regions
where bats are the only reservoirs for rabies” where she noted that the “only” is probably not
needed.

Dr. Hunter agreed that removing the word “only” would be advisable.

Dr. Bell said she was interested to see the estimate that 15,000 people a year receive PrEP,
which struck her as being a lot. She was curious about whether Dr. Rao had any information
about what comprises the largest proportion of this group of people. It seems like there would
not be a lot of turnover for a lot of these people that would require vaccination of that many
people annually.

Dr. Rao said she thought most of them were occupationally associated. It is known that among
these occupations, veterinarians have to get vaccinated as part of their veterinary schooling.
Based on the many manuscripts published, some of the other professions are not as good
about getting vaccinated and maintaining titer checks that are required. It is assumed that the
highest categories are accounting for the most number, and probably not as many travelers.

With respect to indirect exposure, Dr. Sanchez said he was not aware that rabies was spread by
droplet and wondered under what situations this might occur.

Dr. Rao indicated that there have been situations in which laboratorians have, through
manipulation of a virus, been exposed to aerosolization of the virus. The people in the
“Infrequent” category who get a bite or scratch, that would be a direct exposure; whereas, those
who are manipulating the virus might be at risk in other ways. In a clinical situation, there is
concern about people who experience droplet exposure through intubation. PrEP is not
indicated for clinicians and no transmissions have ever occurred in the clinical environment. The
type of exposure someone may have had to a case that eventually becomes confirmed for
rabies is part of the post-exposure risk assessment.

85



Advisory Committee on Immunization Practices (ACIP) Summary Report February 26-27, 2020

Dr. Fryhofer (AMA) noted that there are some very rural locations in parts of Georgia and she
occasionally has patients who are hunters present to her office. A lot of times trappers send
things to taxidermists, and taxidermists make things people put on their walls. She wondered
whether there was any risk beyond the trapper for rabies.

Dr. Rao said she supposed if it were soon after the animal died and saliva was present on its
nails or elsewhere, it could be a possible exposure. The risk would probably decrease once time
had elapsed since the animal died. She had never heard of any kind of exposure in such a
scenario.

Dr. Frey wondered how long a taxidermist waits to manipulate a dead animal or what they do
with the neural tissue, brain and spinal cord, and at what point.

Dr. Petersen (SME) said that there is always the possibility that there could be transmission of
rabies virus if there is saliva or other infectious material like neural tissue in contact with mucous
membranes or any break in the dermal barrier. If that is documented, it would be indicated for
PEP. However, at the same time, the rabies virus is not a very hardy virus. It can be killed by
desiccation as well as UV light. Depending upon the state of the carcass, one could potentially
determine the risk based on those factors. If it is dry, it is more than likely not a high risk. All of
those types of risk assessments can be done on a case-by-case basis.

Dr. Rao added that would be primarily PEP versus PrEP.

Systematic Review: Rabies Pre-Exposure Prophylaxis Immunogenicity

Jesse Blanton, DrPH

Co-Lead, ACIP Rabies WG

Epidemiologist

National Center for Emerging and Zoonotic Infectious Diseases
Centers for Disease Control and Prevention

Dr. Blanton described the rabies PrEP systematic review and meta-analysis that CDC has been
working on with the WG. As a way of orientation, he first spoke about the broader systematic
review activity that was done and then focused specifically on the meta-analysis that was done
with respect to the 2-dose vaccination series.

The systematic review was conducted looking at the immunologic response to rabies PrEP with
a focus on the primary response, duration of immunogenicity, and the response to booster
vaccination. The systematic review was started in 2017 and then updated through 2019. The
population was very broad, including any persons with the potential for rabies exposure. The
interventions included: 1) Persons receiving alternate rabies vaccination schedules using
modern cell-culture vaccines; and 2) persons receiving rabies vaccination by alternate routes
using modern cell-culture vaccines, primarily ID. The comparison was the gold standard ACIP
recommendations, which is the rabies PrEP 3-dose, 3 to 4 week schedule by the IM route using
modern cell-culture vaccines. The outcomes include rabies neutralizing antibodies reported as
IU/mL 1 to 3 weeks after primary vaccination, 1 year post-vaccination, and after booster.

The literature search included examination of multiple databases (MEDLINE, Embase,
Cochrane Library, WHO Index Medicus, citation sampling) for the period from January 1965
through December 2019. This represents the period during which modern rabies vaccines were
either under study or available. The search terms included: (rabies OR rabies vaccine) AND
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(antibodies) AND (human) AND (preexposure OR pre-exposure). The search resulted in
identification of 258 unique papers. The exclusion and inclusion criteria included:

Exclusion Criteria

U Use of nervous tissue or experimental vaccines (not a licensed vaccine or ever evaluated by
WHO)

U Immunocompromised populations

Inclusion Criteria

O Subjects received PrEP (schedule of 1-3 doses over any form of a schedule)

U Immune response to vaccination measured by Rapid Fluorescent Focus Inhibition Test
(RFFIT), the gold standard neutralization assay

O Findings reported as geometric mean titer (GMT) (IU/mL) or as a seroconversion rate to a
stated cut-off (e.g., 0.5 IU/mL)

Screening and critical review of the 258 papers resulted in 63 publications total accepted for
review, ranging from 1978 through 2019. These included a total of 146 cohorts or study arms
and 11,608 subjects who were involved in the selected studies. The study types, geographic
locations, schedules, vaccines, and routes of administration included the following:

Study Types
U Randomized clinical trial (59%)

O Controlled clinical trial (16%)
U Cohort study (13%)
U Case/Time series (12%)

Study Locations

Asia (41%)

North America (29%)
Europe (25%)

South America (3%)
Africa (2%)

ooooo

Schedules (Cohorts)

U Single dose

O 2-dose: day 0,28; day 0,60; day 0,7

O 3-dose: day 0,3,7; day 0,7,14; day 0,7,21/28

Vaccines (Cohort)

Q Purified Vero Rabies Vaccine (PVRV, broad utilization internationally)
U Purified Chick Embryo Cell Vaccine (PCEC)

U Human Diploid Cell Vaccine (HDCV)

O Others

Route (Cohorts)

O Intramuscular (IM)
O Intradermal (ID)

U Subcutaneous (SC)
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Broadly for this overall systematic review what was found looking at the general schedules was
that from a primary vaccination response, there really was no significant difference in the
seroconversion rates between the various schedules. The WG focused on the Day 0, 7, one
week schedule, which is easy to administer because it involves fewer doses and is also
concurrent with the new WHO recommendations. To offer a broad perspective of the meta-
analysis of the existing 3-dose schedule (0, 7, 21/28 days), , this schedule is very well-
established with more than 40 years of experience. There is very high (>97%) seroconversion
after vaccination with a 3-dose schedule, regardless of vaccine or administration route, and a
nearly 100% seroconversion rate 1 to 2 weeks after vaccination.

In terms of the comparison for the GMT for this schedule, there is a considerable amount of
heterogeneity or variability between the studies for the GMT for vaccination. Looking at
differences between IM and ID studies on the 3 dose/3 to 4 week schedule, IM produces
significantly higher GMT, but the relative clinical difference between the significant difference is
somewhat questionable. While the seroconversion at 0.5 IU/mL is not necessarily a protective
level, it is recognition that this is an adequate immune response, and that a person who has an
adequate immune response can receive a booster that generally is protective against rabies
challenge. While the WG is not looking at the ID schedule currently, some ID studies were
utilized later in the analysis because they did not want to exclude those data in an area where
there are relatively few studies for some of the other schedules.

In terms of the rabies PrEP 2-dose, 1 week Schedule (day 0 and day 7), looking at primary
response, of the larger systematic review, 12 total studies provided information that could be
used for the pooled analysis for the 2-dose schedule, which are depicted in the following table:
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One of the things that had to be done was that because these clinical trials do not have any
direct ratio comparison internally, it was determined that these study arms could be broken
apart and treated as more of an observational cohort for this pooled analysis. While the original
studies were controlled trials, the individual study arms were treated from more of an
observational perspective. That allowed for removal from these studies some of the individual
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study arms that either were not the schedule of interest or included vaccines not licensed in the

US. Another advantage of looking at the 0,7 schedule in the primary study is that this is the first

two-thirds of the 3-dose schedule. For studies that can provide information and serological data
on Days 14, 21, 28 before the third dose is received, is information that can be assessed for the
primary response to the first 2 doses of vaccine. The last two studies in orange (i.e., the last two
rows of the above table), Soentjens and Endy, looked exclusively at comparisons of the 2-dose

vaccination schedule to the 3-dose.

In terms of the serologic response, the GMT among individuals who received only 2 doses of
vaccine on Days 0 and 7, there was kinetics growth and antibody response between the groups.
It is important to point out that there are a limited number of studies, but similar heterogeneity as
observed in 3-dose ACIP meta-analysis. There is a robust response moving up to nearly 10
IU/mL within 1 to 2 weeks after vaccination and 12 IU/mL in the subsequent week. Looking at
the seroconversion rates (SCR), very consistent results are reported across the different
schedules at 1 to 2 weeks after the second dose and 3 weeks after the second dose. High SCR
(98%) were achieved 7-14 days after the second dose (Day 7).

Dr. Blanton presented a slide comparing the response 30-60 days after the [0, 7, 21/28]
schedule and the [0, 7] schedule. seroconversion in these groups. From a serology standpoint,
we see 100% seroconversion in these groups 1 to 2 months post-vaccination. Again, the
limitation is the small number of studies that were available for some of these analyses.

In terms of the data for the duration of immunogenicity and the response to booster, 13 studies
had information available for this analysis, removing some of the individual cohorts that were
using non-US licensed vaccines:
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